LIFETIME 


Here authoritative film that answers many questions 


Typical audience reactions: 
Bishop, fair-sized 
test after seeing this film.” 
Louisville, many 
questions. Second showing 
Cincinnati, personnel 
evidenced considerable interest.” 
Netherlands shows 
led 45-minute discussions.” 
Fairport, Ohio—“Very interesting. 
Will try methods shown.” 

Las Piedras, 
ideas work near future.” 
Bartlesville, 
key men from five divisions.” 


the theory corrosion and demonstrates methods 
which controlled. Presented color and sound, 
ranges from the formation anodes and cathodes 


through the use galvanizing, inhibitors, metallizing, 
cathodic protection, alloys and protective coatings. 

You will see how many corrosion problems industries 
such yours are being solved Dimetcote, 


one-coat zinc silicate protective coating. 

This film will well worth minutes your time. 
arrange showing for you and your associates, 
learn when will shown your area, contact 

any the Amercoat offices listed below. 


Answers these and other 
questions: 


What produces electrolytic corrosion? 


What factors favor hot-dip 
galvanizing? 


How important surface preparation? 
Can coating survive tank fire? 
Can rust tankers controlled? 


Can coating offer cathodic 
protection? 

What are the corrosion problems 
offshore rigs? 

What are the advantages 

zinc silicate? 

Dept. 4809 Firestone Boulevard How can chemical plants 

South Gate, California cut painting costs? 


921 Pitner Avenue Evanston, 
®@ 2404 Dennis Street + Jacksonville, Florida 
@ 360 Carnegie Avenue + Kenilworth, New Jersey 


6530 Supply Row Houston, Texas 
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Now...with 
ACCESS FITTINGS... 


CORROSION 


SURVEYS 


THE Cosasco FITTING provides the key 
successful corrosion survey work transmis- 
sion, storage, recovery and processing equipment. 
Previously, had been difficult and costly—if not 
impossible—to run corrosion surveys inside pipe- 
lines and other pressure vessels without shutting 
down the system. Now, with Cosasco Access 
Fittings, corrosion surveys all kinds can made 
under full operating pressures. 


CORROSION COUPON SURVEY. Enables the Corrosion 
Engineer determine corrosion taking place. 
Grade 303 stainless steel coupon holder installed 
through regular Cosasco Access Fitting body...can 
easily inserted withdrawn under pressure any 
time. Holders are made categories adaptable 
various line sizes and survey techniques. Corrosion 
available standard lengths 3”, 6”, and 
8”, any type steel rare metal—may fully 
insulated from holders...remain unaffected 
external soil conditions. 


WATER SAMPLING SURVEY. Takes sample line fluid 
for analysis. Special Cosasco water sampling plug 
with extension nipple and fluid catch attachment 
303 inserted Access Fitting body through 
main valve. upper assembly consisting 
horizontal and vertical run, each with valve, 
installed the main valve. This permits taking 
sample under full pressure and normal operating 
conditions determine causes corrosion. 


THERMOCOUPLE SURVEY. Tells operator what part tem- 
perature playing corrosion problem. Cosasco 
thermocouple plug attachment (S. 303) inserted 
Access Fitting body and main valve removed. 
Iron constantin wire then pushed through gage 
carrier plug into position the line. Thermocouple 
can removed will hooked chart recorder 
for continuing temperature check. 


without system shutdown! 
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ATOMIC HYDROGEN SURVEY. Discloses whether free atomic 
hydrogen causing internal blistering. Cosasco hydro- 
gen probe installed through body Access Fitting 
...can easily withdrawn while vessel line 
stream. Ball-check safety device protects against blow- 
out damage gage should lower end probe 
damaged excessive hydrogen line fluid. Probe 
detects presence free atomic hydrogen... gages 
rate hydrogen diffusion. 


RATE-OF-CORROSION SURVEY. Gives rate-of-corrosion 
reading electronically. Cosasco Corrosometer* Probe 
installed under pressure through Access Fitting... 
quickly gives corrosion reading increments 
microinches without removing specimens interfer- 
ing with operations. Readings can made little 


seconds without withdrawing the probe. 
*T. M. Registered 


FREE CORROSION SURVEY SERVICE 


you have corrosion survey problem, Cosasco 


can help you solve it. Send details and blueprints 
and the Cosasco solution will worked out 


FREE CATALOG. Send for new 32-page Catalog covering 
Cosasco’s complete line Access Fittings for Corrosion 
Surveys, Oilfield Production, Wellheads, Fracturing and 
Drilling. 


DIVISION 


PERFECT CIRCLE CORPORATION 


11655 McBEAN DRIVE, MONTE, CALIFORNIA 
Export Office: 3631 Atlantic Bivd., Long Beach California 
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“Sure, use Galvomag Anodes for 


our underground lines. 


They’re the best low-cost protection.” 


Says corrosion engineer, “We've found Galvomag 
magnesium anodes are the only thing that will work eco- 
nomically. And they don’t give interference problems, 
either. particularly like them for protecting coated lines 
and bare lines stream and road crossings.” 


get many reactions like this from men who work with 
pipelines. That’s because Galvomag® anodes deliver 25% 
more current than conventional anodes. This extra throwing 


power provides that added margin protection often 
needed underground pipelines. 


few dollars invested Galvomag anodes pays handsome 
dividends terms longer service life for equipment, less 
maintenance and fewer service interruptions. For under- 
ground metal structures, magnesium anodes are your best 
bet. For facts, figures and technical assistance, contact one 
the firms listed below write us. THE DOW CHEMICAL 
Midland, Michigan, Dept. 1437R-2. 


CALL THE DISTRIBUTOR NEAREST YOU: Cathodic Protection Service, Houston, Texas Corrosion Services, Inc., Tulsa, Electro 
Rust-Proofing Corp. (Service Division), Belleville, N.J. Ets-Hokin Galvan, San Francisco, Calif. The Harco Corp., Cleveland, 
Ohio Royston Laboratories, Inc., Blawnox, Penna. Stuart Steel Protection Corp., Plainfield, N.J. The Vanode Co., Pasadena, Calif. 


YOU CAN DEPEND 
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devoted entirely corrosion 
research and contro 


Published monthly as its official journal, by the Na- 
tional Association of Corrosion Engineers, Inc., at 


Houston, Texas, U. S. A., as a permanent record of 
progress in corrosion control. 


Vol. November, 1958 No. 
Page 
NACE Corporate Members and 
Representatives..................... 
Changes—NACE Regional and Sec- 
tional Officers’ Directory............ 


Officers and Directors, Staff Members, 
National Association 


Corrosion Engineers................. 
NACE NEWS 


Six Papers Are Added Western 
Region Los Angeles Conference 


Saudi Arabia Oil Well Drilling 

Corrosion 

San Francisco Section............... 
Paint Thickness Talk 


Proposed Short Course 


Discussed Birmingham............ 
Corrosion Week Proclaimed............ 
Kansas City Meeting Set.............. 
North Texas Section Names 

Science Fair Committee............. 
Baltimore-Washington Officers 

Fred Meyer, Jr. Serve 

Tubing Surveys Discussed.............. 
Kansas City Section Plans 

Corrosion Short Course.............. 
NACE Abstract Service 

Subscriptions Available.............. 
Cook Memorial Award Made Detroit. 
North Texas Section.................. 
Shreveport Section Meets.............. 
Science Education Discussed 
Teche Section Shrimp Boil 
Air Pollution Conference 
Electrochemical Processes Discussed 

New Committee Work Proposed 

‘59 Houston Short Course 

Scheduled January 22-23........ 
Peddlers’ Meeting Held............... 
National and Regional Meetings 


(Continued Page 
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TECHNICAL SECTION 


Page 


Topic the Month—Elimination Tank Vent Line Corrosion 
Problem Through the Use Aluminum Pipe and Fittings 


The Electrochemical Behavior Aluminum—Potential 


Corrosion-Resistant Experimental Steels for Marine Applications 


Discussion: Cornelius Groot, Page 24; Reply Larrabee, 
Page 24; John Carson, Page 24; Reply LaQue, 
Page 


Locating Underground Contacts and Open Couplings 
Electrical Measurements 


Discussion: Daniel Werner, Page 


Observations the Resistance Natural Timbers Marine Wood 
Borers—A Contribution the Work Group Committee T-9 
Marine Biological Deterioration, Edmondson. 


Laboratory and Field Methods for Quantitative Study 
Sulfide Corrosion Cracking 


Discussion: Joe Chittum, Page 43; 


Influence Metallurgical Variables Resistance Steels 
Sulfide Corrosion Cracking 


Discussion: Merrill Scheil, Pages and 50; 
Page 50; Replies Fraser, Page 


Research Progress—The Investigation Corrosion Mechanisms 
With the X-Ray Microscope 


Cathodic Protection Gas Distribution System 


Comparison Corrosion Engineering; Materials Engineering 
Functions Various Chemical Plants 


Limitations Chemical Means Controlling Corrosion Boilers 


Copyright 1958 by the National Association of Corrosion Engineers. Reproduction of the contents, either as a whole or 
in part, is forbidden unless specific permission has been obtained from the Publishers of CORROSION. Articles pre- 
sented represent the opinions of their authors, and not necessarily those of the Editors of CORROSION, nor the 
Officers or Members of the National Association of Corrosion Engineers, Manuscripts to be considered for publication 
should be forwarded, together with illustrations, to the Editor of CORROSION, 1061 M&M Building, Houston 2, Texas. 
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From the Desk Executive 
Secretary Hull 


General News 


Coatings Society School Session 
PVC Materials Used Make 

French Plastic Production Increased 

Publishes 
Inco Teaching Fellowship 
Porcelain Forum Planned 


Technical Topics 


Controlling Offshore Corrosion Offshore Platforms and Some 
Typical Costs Tender-Type Installation 


Robinson 


Comparing the Corrosion Resistance Wrought 


and Steel—A Discussion 


INDEX CORROSION ABSTRACTS 


INDEX ADVERTISERS 


Page 

Paper Available Water Purity 
for Nuclear Plants............ 
Book News 
ASRE and ASHAE Plan 
Building Research Meeting........... 
Nuclear Congress Planned..... 
101 
112 


SCHEDULED FOR PUBLICATION DECEMBER 


TECHNICAL SECTION 


A Coating Evaluation Testing Program by E. R. 
Allen, Jr. 


Hugo and L. G. Nel 


The Effect of Increasing the Area of Iron to Zinc 
the Rate Reversal Potential Zinc- 
Iron System by Henry L. Shuldener and Leo Lehr- 
man 


Corrosion Properties of Ta, Cb, Mo and W by Clif- 
ford A. Hampel 


The Kinetics of Hydrogen Absorption, Desorption 
and Permeation Metals Owe Berg 


A Polarographic Study of the Corrosion of Iron and 
Some Ferrous Alloys by Sulfur Dioxide by F. J. 
Bowen and Dr. A. H. Gropp 


Evaluation Refinery Corrosion Inhibitors 
Freedman and Dravniecks 


Chloride Stress Corrosion Cracking of Austenitic 
Stainless Steel—Effect Temperature and 


Cathodic Protection and High Resistivity Soil—A 
Sequel by H. C. Van Nouhuys 


Corrosion of Refinery Equipment During Acid Clean- 
ing Walston and Dravniecks 


TECHNICAL TOPICS 
Four Case Histories: Intergranular Corrosion of 
Austenitic Stainless Steel Petroleum Refineries 
Cunningham 


Engineering Colleges Corrosion Richard 
ames 


SUBSCRIPTION RATES (Post Paid) CORROSION, 1061 Houston Texas 
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Non-Members of NACE 
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October 31, 1946, at the Post Office at Houston, 
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corrosive hot air per hour 


Conventional stainless steel tubing couldn’t the job. Six miles 
tubing was needed, 1600 U-bends for four-stage heat exchanger 
that raises 560 pounds air from 350° 700° each second. The 
exchanger, one the largest ever built, being used gas- 
turbine aircraft engine test program. 


The problems were carbide precipitation and loss corrosion 
resistance due the operating temperature. The problems were 
eliminated easily with Carpenter Type 321 welded and cold 
drawn stainless tubing stabilized with titanium. 


When something extra uniformity, economy and low-cost service 
needed, benefit contacting the Carpenter distributor 
representative your area. For complete data the many 
analyses Welded Stainless Tubing and Pipe available from 
distributor stocks our mill, write for Bulletin T.D. 120 
your company letterhead. The Carpenter Steel Company, Alloy 
Tube Division, Union, J.—The House Corrosion Control. 


Export Dept.: The Carpenter Steel Co., Port Washington, 


your master key 
cost-saving 
corrosion 
control 


q 
4 
q | 
ILMAN 
stainless tubing pipe 


Administracion Nacional de Combustibles 
Alcohol y Portland, 
Ing, Ezequiel Perez Prins 
Alabama Gas Corporation 
T. G. Humphreys, Jr. 
Allegheny Ludlum Steel Corp. 
William G. Renshaw 
Allied Chemical Corp., 
Plastics & Coal Chemicals Div. 
P. B. Mayfield 
— Chemical Corp., General Chemical 
a 
W. H. Burton 
Allied Chemical Corp., Solvay Process Div. 
G. E. Best 
Allied Chemical Corp., Nitrogen Division 
H. C. Wintzer 
Alloy Steel Products Co. 
R. M. Davis 
Aluminium Laboratories, Ltd. 
H. P. Godard 
Aluminum Company of America 
Ellis D. Verink, Jr. 
Amchem Products, Inc. 
Alfred Douty 
Amercoat Corp. 
C. G, Munger 
American Brass Co., The 
John R. Freeman, Jr. 
American Mollerizing Corp. 
H. E. Linden 
American Smelting Refg. Co., Federated 
Metals Div. 
R. D, Taylor 
American Telephone & Telegraph Co. 
A. F. Minor 
American Tobacco Co., The 
A, R. Anderson 
American Zinc, Lead & Smelting Co. 
Robert Ammon 
Anderson-Prichard Oil Corp. 
Clyve C. Allen 
Apex Smelting Co. 
A, J, Peterson 
Aquatrol, Inc. 
M. C. Forbes 
Arabian American Oil Co. 
William F. Gross 
Arizona Public Service Co. 
Frank Buck 
Arkansas Fuel Oil Corp. 
L, F, Babcock 
Arkansas Louisiana Gas Co. 
W. A. Broome 
Armco Steel Corp. 
Arba Thomas 
Armour Chemical Division, Armour & Co. 
J. E. Maloney 
Atchison, Topeka & Santa Fe Railway 
Co., The 
E. Fields 
Atlantic Pipe Line Co, (Penna.) Product 
Pipe Line Dept. 
Robert H. Lynch 
Atlantic Refining Co., Producing Div. 
The 
Stepp 
antic Refg. Co., Refining Div., 
J. K. Deichler 
Atlas Metal Protection, Inc. 
Oscar H, Hunter, Jr. 
Atlas Mineral Products Co., The 
A. Snook 
tlas Powder Co 
Department 
Fritz E, Fuchs 


Babcock & Wilcox Co., The 
F. Eberle 
Baltimore Gas & Electric Co, 
T. J. Dwyer 
Baltimore & Ohio RR Co., The 
Charles H, Chlad 
Barnes & Delaney 
Pipe-Coating 
William R. Houck 
Bart Manufacturing Corp. 
S. G. Bart 
Bataafsche Petroleum Mij., N. V, de 
H. A. van Offeren : 
Bechtel Corporation 
G. B. Grable 
Bell Telephone Lab. 
Vernon B. Pike 
Bessemer & Lake Erie 
Railroad Co, 
Bethlehem Steel Co. 
Seymour Charles Frye 
Betz Laboratories, Inc. 
John J, Maguire 
Bird-Archer Co., The 
Charles W. Bird 
Blaw Knox Co., Chemical Plants Div. 
John Kuli 
Brance-Krachy Co., Inc. 
Wayne E. Broyles 
Bridgeport Brass Co, 
R. V. Hal! 
Briggs Bituminous Composition Co. 
J. D. Farber 
Briner Paint Mfg. Co., Inc, 
Felix Kelinske 
British American Oil Co., Ltd. 
Il. P. Blaser 
British Petroleum Co., Ltd. 
A. [Aster 
Buckeye Pipe Line Co. 
G. E. Baque 
Bute James 
Earl A. Bemus 


Byers Co., A. M. 
R. J. Bricmont 

California Research Corporation 
F, W. Schremp 

Cameron Iron Works, Inc. 
Rudy Zorn 

Canadian Protective Coating Ltd. 
F. W Hewes 

Canadian Vickers Limited 
P. W. Gooch 

Canadian Western Natural Gas Co., Ltd. 
B. W. Snyder 

Cathodic Protection Service 
E. P, Doremus 

Ceilcote Co., Inc., The 
W. A. Severance 

Celanese Corp. of America 
J. H. Baker 

Central Power & Light Co. 
William M. Mayer 

Centre Belge D’Etude de la Corrosion 
Marcel Pourbaix 

Chain Belt Co, of Milwaukee 
Egmont R, Helmer 

Champion Paper & Fibre Co., The 
Peter A. Kimen 

Champlin Oil & Refining Co. 
K. C, Cribley 

Chanslor-Western Oil & Dev. Co., Chans- 
lor-Canfield Midway Div. 
H, L. Briggs 

Chicago Bridge & Iron Co, 
I, E. Boberg 

Cincinnati Gas & Electric Co., The 
Milton J. Pfeiffer 

Cit-Con Oil Corp. 
Robert L. Hale, Jr 

Cities Service Gas Co. 
George C. Roth 

Cities Service Pipe Line Co. 
Harry Nelson 

Cities Service Refining Corp. 
L, D. Mann 

City of Long Beach, Harbor Dept. 
E. L. Crampton 

Clementina, Ltd. 
K. F. Keefe 

Clemtex, Ine. 
Frank E, Wilson 

Coast Paint & Lacquer Co., Inc, 
R. M. Johnson 

Colorado Interstate Gas Co, 
Preston Parks 

Columbia Gas System Service Corp. 
J. E. Overbeck 

Columbia-Southern Chemical Corp. 
G. Heinemann 

Columbus & Southern Ohio Electric Co. 
N. R. Patton 

Commercial Solvents Corporation 
Richard S, Egly 

Commonwealth Associates Inc, 
W. E. Bunting 

Commonwealth Edison Co. 
Earle Wild 

Consolidated Edison Co, of New York, 
Inc. 
L. B. Donovan 

Consolidated Mining & Smelting Co. of 
Canada, Ltd. 
J. R. Wellington 

Consumers Power Co, 
J. B. Simpson 

Continental-Emsco Co. 
Albert S. Holbert 

Continental Pipe Line Co, 
A. C. Wilkinson 

Cook Paint & Varnish Co. 
Decker Freeman 

Cooper Alloy Corp. 
Herbert J. Cooper 

Corn Products Refining Co. 
R, E, Pierson 

Corrosion Rectifying Co. 
Wayne A, Johnson 

Cosden Petroleum Corp. 
R, W Thompson 

Courtaulds (Alabama) Inc. 
J. W. Rollins 

Crane Co. 
Chester Anderson 

Creole Petroleum Corp. 
G. A, McCammon 

Crown Central Petroleum Corp. 
A. J, Morris 

Crucible Steel Co. of America 
D, I, Dilworth, Jr. 

Crutcher-Rolfs-Cummings, Inc. 
Jack Scott 

Syd E, Culbertson Co., Inc. 
William B, Schell 


Dallas Power & Light Co. 
Robert D. Elliott 
Dampney Co., The 
J. Dwight Bird 


Davison Chemical Co., Div, of W. R. 
Grace & Co., Curtis H. Eliott, Jr, 
Day, S. D., Co. 
David W. Peake 
The Dayton Power & Light Co., 
Corrosion Control Dept. 
Paul C. Hoy 
Dearborn Chemical Co., 
R. F. Carr, Jr, 
Debevolse Co., The 
Robert L. Debevoise 
Delhi-Taylor Oil Corp. 
Harry F. Warnke 


De Vilbiss Co., The 
D. J. Peeps 
Diamond Alkali Company 
S. W. MclIlrath 
Dorr-Oliver, Inc. 
Dwight Richards 
Douglas Aircraft Co., Inc. 
F, T. W vod, Jr. 
Dow Chemical Co., The 
H. A. Humble 
Dowell Incorporated 
Guy F, Williams 
E. I. du Pont de Nemours & Co., Inc. 
J. A. Collins 
Duriron Co., Inc., The 
G, A. Baker 
Duval Sulphur & Potash Co. 
J, W. Borskey, Jr. 


Fast Bay Municipal Utility District 
Lee B. Hertzberg 

Eastern States Petroleum & Chem. Corp. 
Jack Dalberg 

Ebasco Services, Inc. 
H. W. Wahlquist 

Electric Steel Foundry Co. 
Charles E. Haney 

Electro Rust-Proofing Corp. 
Frank P. Macdonald 

El Paso Natural Gas Co. 
L. G. Wainman 

Esso Research & Engineering Co., 
Design Div., M. S. Northup 

Ethyl Corp. 
H. S. Butler 


Fabri-Valve Co. of America 
J. L, Williams 

Fibreboard Paper Products Corp. 
Pabco Indus, Insulations Div. 
L. 8S, Parker 

Frances Oil Co. 
Frances Olsan 

Freeport Sulphur Co. 
Wm. L. Vorhies 

Furane Plastics Inc. 
John Delmonte 


F. W. Gartner Company 
F. W. Gartner, Jr. 

Gates Engineering Co. 
A. J, Seiler 

General American Transportation Corp. 
Paul Talmey 

General Electric Co., Industrial Mate- 
rials Div., H. A, Cataldi 

General Petroleum Corp. 
Ralph M. Willits 

Gibbs & Hill, Inc. 
E. H. Anson 

Good-All Electric Mfg. Co. 
Troy R. Stilley 

B. F. Goodrich Chemical Co. 
R. J. Collins 

Graver Tank & Mfg. Co., Inc. 
Phillip E, Rose 

Great Lakes Pipe Line Co. 
Cc. C, Keane 

Great Northern Railway Co. 
G. Guerin 

Gulf Oil Corp. 
Walter F. Rogers 

Gulf Oil Corp., Mfg. Div. 
D, L, Burns 

Gulf Research & Development Co. 
L, W. Vollmer 

Gulf States Utilities Co. 
W. W. Eckles 

Gunnels Co., W. D. 
Wm. H. Stemler 


Hackensack Water Co. 
A, Damiano 

Hagan Chemicals & Controls, Inc. 
Threshold Treatment Div. 
John P, Kleber 

Halliburton Oil Well Cementing Co. 
Warren H. Philipp 

Harbison-Fischer Manufacturing Co. 
D. T. Harbison 


Hercules Powder Co., Chemical Eng. Div. 
David J. Torrans 

Hill, Hubbell & Company, 
Division of General Paint Corp. 
Milton M. Bowen 

Holcombe Company, Inc., The 
Tom L. Holcombe 

Holders Equipment Co. 
S. D. McMullen 

Hooker Electrochemical Co. 
Walter A. Szymanski 

Houston Contracting Co. 
R, P. Gregory 

Houston Natural Gas Corp 
W. C, Dahiman 

Houston Pipe Line Co. 
H. D. Carmouche 

Humble Oil & Refining Co. 
H, D. Wilde 

Humble Pipe Line Co, 
A. E, Pecore 

I'vdro-Electric Power Commission of 
Ontario, The 
D. G. Watt 


ENGINEERS 


Imperial Oil, Ltd., Pipe Line Division 
L. Garcia 

Imperial Oil, Ltd., Prod, Dept., 
Western Div. 
J. W. Young 

Imperial Pipe Line Co., Ltd., The 
E. W. Christian 

Inland Steel Co., Indiana Harbor Works 
R, L. Harbaugh 

International Harvester Co. 
Earl F. Moorman 

International Minerals & Chemical 
I. M, LeBaron 

International Nickel Co., Inc., The 
W. Z. Friend 

International Nickel Co. of Canada, 
Ltd., The 
R. J. Law 

International Paint Co., Inc. 
Albert R. Smiles 

International Rectifier Corp. 
F. W. Parrish 

Interprovincial Pipe Line Co. 
F. J. Stubbs 

Iowa Public Service Co. 
Wm. J. Dougherty 

Iranian Oil Refining Co., N. V., 
Technical Service Dept. 
A, K. J. Van Schravendijk 


Jersey Production Research Co. 
A, C. Broyles 
Johns-Manville Sales Corp. 
Clark A. Bailey 
Jones-Blair Paint Co. 
L. R. Kyrias 
Jones & Laughlin Steel Corp. 
H, T. Clark 


Kansas-Nebraska Natural Gas Co., Inc. 
Leonard C. Hill 

Kansas Power & Light Co., The 
W. J. White 

M. W. Kellogg Co., The 
W. B. Hoyt 

Kendall Co., The, Polyken Sales 
Division. Howard D. Segool 


Keystone Roofing Manufacturing Co. 
Stephen A. Feely 

Keystone Shipping Co. 
S. F. Spencer 

Knapp Mills, Incorporated 
Alfred P. Knapp 

Koppers Co., Inc., Tar Prod. Div. 
W. F. Fair, Jr. 

Kraloy Plastic Pipe Co., Inc. 
Russell W, Johnson 


L. 0. F, Glass Fibers Co. 
M. W. Gregory 
Laclede Gas Co. 
Delmar Hasenritter 
Lester Equip, Manuf. Co., Inc. 
Don P. Wilson 
Lever Brothers Co. 
E. K. Holt 
Lion Oil Co. 
J. B. Rogerson 
Lone Star Gas Co. 
J. L. Foster 
Long Island Lighting Co. 
William Welch, Jr. 
Louisiana Power & Light Co. 
W. T. Hess 
Lubrizol Corp., The 
Willis G, Craig 


Magnolia Petroleum Co. 
J. D. Humble 
Magnolia Pipe Line Co. 
James R. Ashley 
Mallinckrodt Chemical Works 
C. A. Coberly 
F. H. Maloney Co. 
James H, McBrien 
Manning, Maxwell & Moore, Inc. 
Robert F, Ehrsam 
Mavor - Kelly Company 
Thos. F. P, Kelly 
Metal Goods Corp. 
Charles G, Gribble, Jr. 
Metallizing Engineering Co. 
R, J. McWaters 
Metropolitan Water District of So, Calif. 
R. B, Diemer 
Michigan Consolidated Gas Co, 
Karl E. Schmidt 
Mid-Continent Pipe Line Co. 
F. E. Pyeatt, Jr. 
Mid-Valley Pipeline Co. 
F. H. Deal 
Midwestern Pipe Line Products Co. 
John R, Wilson 
Minnesota Mining & Mfg. Co. 
F. J. Wehmer 
Mississippi River Fuel Corp. 
G, B. Lowther 
Mississippi Valley Gas Co. 
J. H, Lambdin 
Monsanto Chemical Co. 
F. L, Whitney, Jr. 


(Continued on Page 8) 
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NEW “SQUEEZE” WITH CORBAN FOR CORROSION PROTECTION. relatively 
new technique for protecting downhole equipment from corrosion damage has 
now been proved successful Dowell. called the “squeeze” technique— 
and involves pumping Corban® corrosion inhibitor into the producing forma- 
tion. The protective Corban then gradually produced back with your normal 
production over period time. Corban plates out protective film the 
metal equipment contacted the well fluids. 

The “squeeze” technique has given many problem wells extended protection. 
has proved especially suited high-pressure wells. Corban polar-type cor- 
rosion inhibitor. readily available several formulas meet specific well 
conditions. Call any the 165 Dowell service points for recommendations 
engineered for your wells. Canada, contact Dowell Canada Ltd.; 
Venezuela, contact United Oilwell Service. Dowell, Tulsa Oklahoma. 


NEW SOUND-SLIDE FILM 


See how corrosion inhibitors work 

save you money. Ask your Dowell Products for the oil industry 
representative for showing this 

new film Means 


SERVICE DIVISION THE DOW CHEMICAL COMPANY 


Montana Power Co. 
Carl R. Davis 
Mountain Fuel Supply Co. 
Harry R. Brough 


Napko Corp. 
Joseph E. Rench 

National Aluminate Corp. 
J, W. Ryznar 

National Lead Co. 
Roy Dahlstrom 

National Tank Co. 
Clarence O. Glasgow 

Natural Gas Pipeline Co. of America 
A, F, Schmierer 

New Jersey Zinc Co, of Pa., The, 
Research Dept. 
E. A, Anderson 

New Orleans Public Service, Inc. 
Lionel J. Cucullu 

Nicolet Industries, Inc. 
Ladd L, Wilson 

Nooter Corp. 
P. H. Smith 

Norfolk & Western Railway Co. 
Cc. L. Crockett 

Northern Illinois Gas Co. 
M. G. Markle 

Northwestern Utilities, Ltd., 
M. E, Stewart 


Oakite Products, Inc. 
Robert F. Ayres 
Ohio Oil Co., The 
Ralph M,. Slough 
Oil Well Supply Co. 
F. L, Current 
Oklahoma Natural Gas Co. 
P. K. Wallace 
Olin Gas Transmission Corp. 
0. C. Roddey 
Olin Mathieson Chemical Corp., Tech. 
Div., Metals 
John B, Seastone 
Omaha & Council Bluffs Electrolysis 
Committee 
R. A. Pesek 
Otis Pressure Control, Ine, 
W. M, Kelly 
Owens-Corning Fiberglas Corp. 
E. J. Pennell 


Pacific Gas & Elec. Co. 
Roy O. Dean 

Pacific Lighting Gas Supply Co. 
N. K. Senatoroff 

Pacific Northwest Pipeline Corp. 
William C, Brady 

Page-Hersey Tubes, Ltd. 
John D. Brelthaupt 

Pan American Petroleum Corp. 
Joseph B. Clark 

Panhandle-Eastern Pipe Line Co. 
M. K. Hager 

Parker RKust Proof Co. 
E. W. Richards 

Pennsalt Chemicals Corp. 
R. R. Plerce 

The Pennsylvania Railroad Co. 
M. A, Pinney 

Peoples Gas Light & Coke Co., The 
J. L. Adkins 

Permian Enterprises, Inc. 
Thomas H. Duff 

Perrault Equipment Co. 
Vv. V. Malcom 

Petrolite Corp. 
G. J, Samuelson 

Philadelphia Electric Co. 
E. S. Halfmann 

Philip Carey Manufacturing Co., The 
W. T. Ferrell 

Phillips Petroleum Co, 
Frederick A, Prange 

Pipe Line Service Corp. 
F. C. Yeazel 

Pipe Linings, Inc. 
Robert L. Hansen 

Pittsburgh Coke & Chemical Co. 
A. E. Gray 

Plantation Pipe Line Co. 
W. G. Horstman 

Plastic Applicators, Inc. 
H. M. Kellogg 

Plastic Engineering & Sales Corp. 
R. B. Bender 


Portland Pipe Line Corporation 
Carlton L. Goodwin 

Potash Company of America 
John S, Alexander 

Premier Oil Refining Co, of Texas 
David D. Pickrell 

H. C, Price Co. 
R. P. White 


Procter & Gamble Co., Engr. Div., The 


George F. Lockeman 
Production Profits, Inc. 
H, L. Bilhartz 
Products Research Service, Inc. 
Philip B, Wogan 
Public Service Electric & Gas Co. 
Donald C. Luce 
Pure Transportation Co. 
D. C. Glass 


Radio Receptor Company, Inc. 
Julian Loebenstein 

Raytherm Corporation 
F. Raymond Young 

Reilly Tar & Chemical Corp. 
J. H. Barnett, Jr. 

Remco Pipeline Equipment & Supplies 
Bo Bardsley 

Republic Steel Corp. 
Giles Locke 

Reynolds Metals Company 
Robert S, Dalrymple 

Cyrus Wm. Rice & Co. 
James K. Rice 

Richfield Oil Corp. 
D. F, Purdy 

Robinson, E. W, Supply Co. 
T. S. Blanton 

Rochester Gas & Electric Corp. 
Edward J. Nelson 


Rockwell Mfg. Co., Nordstrom Valve Div. 


J. B, Dotson 
Rosson-Richards Co. 

S. L, Richards, Jr, 
Rust Proofing, Inc. 

Harold B. Newsom 


S.T.E.C.T.A. 
Georges Poirier 

St, Joseph Lead Co, 
Dwight Marshall 

St. Louis Metallizing Co. 
Walter B. Meyer 

St. Louis-San Francisco Railway Co. 
M, A. Herzog 

Salt Lake Pipe Line Co. 
L. G. Haskell 

San Diego Gas & Electric Co. 
Donald P. Armbruster 

San Francisco Water Dept. 
James H. Turner 

Sargent & Lundy 
Ludwig Skog, Jr. 

IMPER—Ing. A. Schieroni & Figli 
Ing. Franco Schieroni 

Sensitive Research Instrument Corp. 
H. Russell Brownell 

Service Pipe Line Co. 
J. R. Polston 

Shamrock Oil & Gas Corp., The 
Dan P. Long 

Shell Chemical Corp. 
A, L, Petersen 

Shell Development Co. 
R, S. Treseder 

Shell Oil Co., Inc. 
J. G. Wilson 

Shell Pipe Line Corp. 
0, W. Heyden 

Shippers’ Car Line Corp. 
Ernest H Colby 

Signal OH & Gas Co. 
E. Kartinen 

Sinclair Oll & Gas Co. 
E. H. Counts 

Sinclair Pipe Line Co. 
Glenn L. Ladd 

Sinclair Research Laboratories, Inc. 
F, M. Watkins 

Sline Industrial Painters 
Louis L, Sline 


Socony Mobil Oil Co. Inc., 
Central Pipe Lines Div, 
Gerald J. Paisley 

Socony Mobil Oil Co, Inc., 
Eastern P, L. Div. 
S. Kleinheksel 

Socony Paint Products Co. 
Paul L. Lotz 

Sohio Petroleum Co. 
S. B. Lisle 

Sohio Pipe Line Co. 
A. A, Dorffi 

South African Bureau of Standards 
Clemens Crispus Van Der Merwe 

Southeastern Pipe Line Co. 
B. W. Winters 

Sovthern Bell Telephone & Telegraph Co. 
T. J. Cook 

Southern California Gas Co. 
J. S. Dorsey 

Southern Counties Gas Co, of Calif, 
W. C. Mosteller 

Southern Minerals Corp. 
F. P. Peterson, Jr. 

Southern Natural Gas Company 
oO. W. Clark 

Southern Pacific Company 
W. M. Jaekle 

Tnion Gas Co. 
N. P. Chesnutt 

Southwest Natural Gas Co. 
F. A. Merfeld 

Southwestern Gas & Electric Co. 
Frank M. Wilkes 

Southwestern Public Service Co. 
H. 0, Hodson 

Spang-Chalfant Division of 
The National Supply Co. 
Lawrence FE, Trishman 

Spencer Chemical Company 
Ralph D. Miller 

Standard Oil Co, of Calif. 
Rover Loper 

Standard Oil Co. (Ind.), 
Pro. Pipe Tine Dept. 
Vv. M, Kalhauge 

Standard Pipeprotection, Inc, 
Hugh W. Baird 

Standard Railway Equipment Mfg. Co. 
J. S. Swann 

Stauffer Chemical Co. 
J. B. Ceccon 

D. E. Stearns Co., The 
D. FE, Stearns 

Steeleote Manufacturing Co. 
Douglas A. Niedt 

The Hayne Stokes Co. 
Hayne Stokes, Jr. 

Sun Oil Co, Production Laboratory 
William F. Oxford 

Sun Pipe Line Co. 
W. H. Stewart 

Sunray Oil Corp. 
R. H. Poetker 

Superior Iron Wks. & Sply. Co., Inc, 
J. Martzell 

Superior Oil Company, The 
William H. Edwards 


Tennessee Gas Transmission Co. 
J. L, Parrish, Jr. 
Texaco-Cities Service Pipe Line Co. 
B. W. Nedbalek 
Texas Company, The 
W. S. Quimby 
Texas Eastern Transmission Corp. 
Pat H. Miller 
Texas Electric Service Co. 
Cc. W. Geue 
Texas Gas Transmission Corp. 
Fred D. Stull 
Texas Gulf Sulphur Co. 
Cc, 0, Stephens 
Texas Pipe Line Co., The 
Paul T. Miller 
Texsteam Corporation 
L, V. Musgrove 
Tex-Tube, Inc. 
R. W. Kearney 


Thompson Pipe & Steel Co. 
S. Mark Davidson 


Tidewater Oil Co. 
A, M. Mouser 
Tinker & Rasor 
Leo H. Tinker 
Trans-Arabian Pipe Line Co. 
P. P. Nibley 
Transcontinental Gas Pipe Line Corp. 
S. J, Bellassai 
Trans Mountain Oil Pipe Line Co. 
David M. Allan 
Trans-Northern Pipe Line Co. 
L. Dickinson 
Tresco, Inc. 
D. L. Korn 
Triangle Conduit & Cable Co., Inc, 
Clyde V. McKay 
Trunkline Gas Co. 
A. T. Surber, Jr. 
Truscon Labs Div. 
Devoe & Raynolds Co., Inc. 
R. E. Madison 
Tube-Kote, Inc. 
E. G. Holm 
Tube Turns Plastics, Inc. 
George H. Hunt 
Tuscarora Pipe Line Company, Ltd, 
John W. de Grott 


Union Carbide Corp. 
George A, Sands 

Union Electric Co. 
George P. Gamble 

Union Gas Company of Canada, Ltd. 
Ralph E. Kuster 

Union Oil Co. of Calif., Research Center 
J. E. Sherborne 

Union Pacific Railroad Co. 
Lee S. Osborne 

Union Producing Co. 
E, L, Rawlins 

Union Tank Car Co. 
Anthony P. Giannini 

United Gas Corp. 
C, L. Morgan 

United Gas Pipe Line Co. 
M, V. Cousins 

United States Pipe & Foundry Co. 
A. E. Schuh 

U. S. Steel Corp., National Tube Div, 
Raymond C. Bowden, Jr. 

United States Steel Corp., Applied 
Research Laboratory 
Cc. P. Larrabee 

Universal Control Corp. 
Charles D, Peterson 

Universal Oll Products Co. 
Eugene M. Matson 


Vapor Honing Co., Inc. 
Jack Eggleston 

Vapor Recovery Systems Co. 
Frank V. Long, Sr. 

Visco Products Co., Inc. 
D. M, Jacks 


Weirton Steel Co. 
E, 0. Burgham 
Western Kentucky Gas Co. 
J, L. Bugg 
Western Natural Gas Co. 
Paul C. Wright, Jr. 
Wheeling Steel Corporation 
Henry, A. Stobbs 
Williams Brothers Co. 
Cc, M. Collins 
T. D. Williamson, Inc. 
T. D. Williamson, Jr. 
Wisconsin Protective Coating Co. 
Francis J. Ploederl 
Wolverine Tube Division of 
Calumet & Hecla, Inc. 
John M, Keyes 
Worthington Corp. 
W. M. Spear 
Wright Chemical Corp. 
Paul G, Bird 
Wyandotte Chem, Corp. 
L. W. Gleekman 


Plicoflex, Inc. A. O, Smith Corp. Thormhill-Craver Co. Youngstown Sheet & Tube Co., The 
B. E. Black L. C. Wasson Cc. R. Horn Karl L. Fetters 
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Birmingham Section Lawrence Hicks, Assistant Baltimore-Washington Section New Orleans Section 

Ralph M, Cunningham, Chairman; Treasurer; Southern Natural Gas A. Clifton Burton, Chairman; Re- Keith J. Ebner, Chairman; The 
Steele Associates, Inc., 616 Caro- Company, Box 2563, Bir- search Laboratories, Armco Steel Texas Co., Box Harvey, 
lyn Courts, Biscayne Highlands, mingham Ala. Corporation, 3400 Chase, Balti- La. 
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a, Ala , ; @ Genesee Valley Section more 13, Maryland : Earl D. Gould, Vice-Chairman; Con- 
John Paisley, Jr., Lahr, Chairman; Goulds Pumps, tinental Oil Co., Drawer 68, 
Marion Fink, Secretary-Treasurer; Austin Drive, Rochester, Herbert Lewis, Secretary-Treas- Box 13216, New Orleans, La. 
Tennessee Coal & Iron Div., U.S.  E. Grant Pike, Secretary-Treasurer; urer; The Southern Galvanizing 
Steel Electrical Lab., Dollinger Corp., Centre Park, Co., 1620 Bush Street, Baltimore 
Box 599, Fairfield, Ala. Rochester, 30, Maryland 
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Johns-Manville Asbestos Wraps 
are available types for field 
application mill wrapping. 


Soil stress tests show the effec- 
tive shielding action J-M 
Asbestos Wraps. 18” coated 
sections O.D. pipe were 
buried in bentonite clay which 
was first wetted down and 
then allowed dry out. 
the end of 28 wetting-drying | 
cycles, J-M Asbestos Wraps 
were found to give excellent 
protection the enamel. 


Plasticized enamel 
without J-M 
Asbestos Wrap 


Plasticized enamel 
after protection with 
J-M Asbestos Wrap 


Extensive research and field tests con- 
ducted leading firm consulting 
engineers have demonstrated the 
effects and earth loads 
pipeline enamels. They show how 
the forces the soil tend distort 
and induce thin spots that weaken the 
protective coating permit corrosion 
the pipeline. 

The same research and field tests 
also demonstrated that J-M Asbestos 
Wraps provide the strong protection 
that strong coatings need and deserve. 
Wraps offer the most effec- 
tive single protection against damage 
—prolong the working life pipeline 
Here’s 


Stop damage enamels 
from earth loads and 
movement... 


Get lasting protection 
with tough, strong 
J-M Asbestos Wraps 


Asbestos ageless mineral. Fibers 
asbestos are strong and tough... 
cannot rot decay. used J-M 
Wraps, the fibers are felted, then 
impregnated with coal tar asphalt 
saturant form literally flexible 
covering stone. These 
qualities form durable shield— 


protect pipeline enamels from earth 
loads and soil movement which weaken 
coatings and permit pipe corrosion 
set in. 

Pipeline engineers are invited 
write for their own copy PP-34A, 
3-Point Study Pipeline Coatings 
and Wrappers, cost obligation. 


Johns-Manville, Box 14, New York 16, 
Canada, Port Credit, Ontario 


JOHNS -MANVILLE 
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Contractor states: 
“Best coating job I’ve ever done, 


only holidays total job.” 


Pipe Line Superintendent says: 
“Best pipe line coating method 
ever witnessed.” 


Performs... 


Multiple Line Laying 


outstanding example multiple line 
laying consisting two 6-inch and 
one 3-inch lines one was recently 
completed the Gulf Coast area. This 
entire multiple line laying operation was 
accomplished gumbo soil. 


POLYKEN proven polyethylene tape 
was used the entire project. The outer- 
wrap that was used this operation was 


Cathodic Protection Service’s Delux No. 


power driven, cleaning and taping ma- 
chine simultaneously cleaned, taped and 
outerwrapped all pipe, both dimensions, 
before the lines were laid the ditch. For 
further information regarding detailed ap- 
plications, please call write the CPS 
office nearest you. 


cathodic protection service 


Box 6387 


CORPUS CHRISTI DENVER 
1620 South Brownlee 


TUlip 3-7264 


(Golden) P.O. Box 291 1627 Felicity 
CRestview 9-2215 


JAckson 2-5171 


ODESSA TULSA 
5425 Andrews Hwy. 4407 Peoria 
EMerson 6-6731 Riverside 2-7393 


Houston Texas 


NEW ORLEANS 
JAckson 2-7316 
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are made Nickel-clad steel 


making phosphate for 
automotive and other uses, Celanese 
Corporation America has its share 
corrosion problems. 

Although the final product non- 
corrosive, the acidic raw materials 
and by-products could cause plenty 
trouble for processing equipment 
were not adequately protected. 
The reactors, for example, are ex- 
posed cresylic acid and phospho- 
rus oxychloride. Storage tanks must 
handle hot crude phosphate 
containing small amounts hydro- 
chloric acid. 

both places, Nickel-clad steel 
equipment used not only resist 


general corrosion, but also pre- 
vent stress-corrosion cracking. Nick- 
and nickel-copper alloy are 
used other points Celanese’s 
Point Pleasant, West Virginia plant 
where corrosion resistance 
prime importance. 

you have corrosion problem 
involving acid chlorides? Why not 
write for copy our Technicai 
Bulletin T-29? may suggest 


answer. *Registered trademark 


The International Nickel Company, Inc. 


waee 
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These three reactor tanks Celanese Corporation America, Point Pleasant, 
Va., are Nickel-clad steel. They stand well corrosive chlorides. 


Corrosive chlorides don’t “put the bite” 
these reactors 


Acid Chiorides 
which satisfactory use 
Monel Nickel recorded 


Corrosive Media Monel Nickel 


Aluminum 

Ammonium Chloride 
Antimony Chloride 

Arsenic Trichloride 

Magnesium Chloride 
Manganous Chloride 
Nitrosyl Chloride ..... 
Phosphorus Oxychloride 
Phosphorus Trichloride 
Silicon Tetrachloride 


Sulfur Monochloride 
Sulfuryl Chloride .... 
Tin Tetrachloride ... 
Zinc Chloride ...... 


. 


INCO NICKEL ALLOYS 


| 
Yes 
Yes 
Yes 


This Coating 


Corrosive 
Chemicals 


plastisol-coated steel drums can save you 
money replacing more expensive glass, 
ceramic, and plated steel containers for 


Vinyl Dispersion Resins are used make COATING 
this tough lining which defies corrosive 
attack. 
Fabrication costs are low because vinyl 
Baking converts thick, resilient hide 
that chemicals can’t eat through, scratch, 
puncture, abrade. Continued re-use over 


Dispersion Resins, provides re- 
silient, smooth-surfaced lining that 
protects against attack by: 


long periods makes the drums pay for acid cleaners 
themselves savings. All sizes drums, phosphoric 
with this material. 
All this economy based one factor— sulphonate detergents 
plastisols made from Vinyl Dis- lactic acid 
persion Resins provide superior protection water 


Bakelite Company will help you find the solution 


answer your corrosion problems. Learn 

about the ease application, low cost, (reagent quality) 
and long life plastisol coatings, and how 
they can save money for you. Write Dept. 
KW-24L, Bakelite Company, Division 
Union Carbide Corporation, East 42nd 
Street, New York 17, 


BAKELITE 


The terms and are registered trade-marks 
BAKELITE COMPANY, Division of Union Carbide Corporation, 30 East 42nd St., New York 17, N. Y. 


Canada: Division Union Carbide Canada Limited, Toronto 
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try titanium now! 


Hieh initial cost? Sure! But titanium means less equipment 
replace, less downtime for repairs actually save you 
money processing equipment and parts! 
For example, titanium steam jet diffuser lasted years 
instead months. titanium valve handling corrosive and 
erosive fluid lasted 1,680 hours instead 70. titanium 


FERRO-ALLOYS AND METALS 


The terms “Electromet” and “Union Carbide” 
are registered trade-marks Union Carbide Corporation. 


CARBIDE 


nozzle used with chlorine dioxide lasted months instead 
hours. 

Only titanium combines high corrosion resistance with light 
weight and strength standard and specially designed proc- 
essing equipment. will pay you try titanium now. There’s 
plentiful supply. 


Booklet tells where you can get titanium mill 
products and fabricated equipment. Also gives 


cost-saving service records process 


Division Union Carbide Corporation 
East 42nd Street, New York 


Please send copy Heat Titanium Problems.” 
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OFFICERS and DIRECTORS 


OFFICERS 


Plicoflex, Los Angeles, 


NATIONAL ASSOCIATION 
CORROSION ENGINEERS 


Executive Offices: 1061 Bldg., Houston Texas 
Telephone CApitol 4-6108 


Aluminium Laboratories, Ltd., Kingston, 
Ont., Canada 


Executive Secretary 


Assistant Secretary and Exhibition Manager.............. HUFF, JR. 

Technical Committee Secretary.............. VANDER HENST, JR. 

Administrative Assistant Executive Secretary................ HULL 


DIRECTORS 


Past-President 


Sun Pipe Line Co., Beaumont, Texas 


Inquiries regarding membership, and all general correspondence should directed 


the Executive Secretary the administrative headquarters the National Association 
Corrosion Engineers 1061 Building, No. Main Street, Houston Texas. 


Representing Active Membership 
Hills-McCanna Company, Chicago, III. 
American Viscose Corp., Marcus Hook, Pa. 
Consolidated Edison Co. 


Columbia Gas System Service Corp., Columbus, 


The National Association Corrosion Engineers non-profit, scientific 


and research association individuals and companies concerned with 
corrosion interested it, whose objects are: 


(a) promote the prevention corrosion, thereby curtailing economic waste and con- 
serving natural resources. 
a 


Representing Corporate Membership 


(b) provide forums and media through which experiences with corrosion and its prevention GRIBBLE, 1958-61 
Metal Goods Corporation, Houston, Texas 
may reported, discussed and published for the common good. 
encourage special study and research determine the fundamental causes 
corrosion, and develop new improved techniques for its prevention. 1957-60 


Union Gas Co. Canada, Ltd. 
Chatham, Ontario, Canada 


Shell Development Co., Emeryville, Cal. 


Production Profits, Inc., Dallas, Texas 


(d) correlate study and research corrosion problems among technical associations 
reduce duplication and increase efficiency. 


(e) promote standardization terminology, techniques, equipment and design cor- 
rosion control. 


Regional Divisions 


(f) contribute industrial and public safety promoting the prevention corrosion 


cause accidents. Standard Co. Catifornia, Segundo, Cal. 

(g) foster cooperation between individual operators metallic plant and structures Aluminum Company America, Atlanta, Ga. 
the joint solution common corrosion problems. (Northeast) 1957-60 
Manufacturers Light and Heat Co., Pittsburgh, Pa. 
(h) invite wide diversity memberships, thereby insuring reciprocal benefits between (North Central) 1956-59 

industries and governmental groups well between individuals and corporations. Wis. 


incorporated association without capital stock, chartered under the laws Texas. 
Its affairs are governed Board Directors, elected the general membership. 
Officers and elected directors are nominated nominating committee accordance with 
the articles organization. Election the membership. 


Gulf Oil Corporation, Houston, Texas 


Winnipeg Pipe Line Company, Ltd. 
Winnipeg, Manitoba 


Directors Officio 
VAN NOUHUYS, Chairman Regional 


Management Committee 
908 Boulder Crest Drive, Marietta, Ga. 


NOPPEL, Chairman Policy and Planning 
Committee 
Ebasco Services Inc., New York, 


Advertising and Editorial Offices CORROSION 


Address all correspondence concerning advertising, circulation and editorial 
matters relating CORROSION the NACE executive offices, 1061 
Building, Houston Texas. Inquiries concerning and orders for reprints 


technical information published CORROSION should sent this address 
also. 


TRESEDER, Chairman Publications Committee 
Shell Development Co. 
Emeryville, Cal. 


GRECO, Chairman Technical Practices 
Committee 


United Gas Corp., Shreveport, La. 
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Introduction 
RUDE PETROLEUM from pro- 
ducing oil field stored lease 
stock tanks prior delivery pipe- 
line company. The crude oil, although 
passing through separator 
and/or emulsion treater, still contains 
appreciable quantities hydrocarbon 
gas. addition the produced gas may 
contain large volumes hydrogen sul- 
fide and carbon dioxide gases. 

When the produced crude oil contain- 
ing both free and solution gases enters 
the lease storage facility, still under 
line temperature and pressure. The agi- 
tation the oil enters the stock 
tank, coupled with the reduction 
pressure within the tank, results re- 
lease gases which rise into the vapor 
space the stock tank. When the 
stock tank oil withdrawn near the 
tank bottom, partial vacuum results 
the vapor space the tank and con- 
siderable quantities oxygen are drawn 
through the tank vent lines into the 
tank vapor space. The resultant mixture 
oxygen-rich hydrocarbon, hydrogen 
sulfide, and carbon dioxide gases is, 
the presence moisture, extremely 
corrosive toward steel tank decks and 
venting facilities. 

The Big Horn Basin North Cen- 
tral Wyoming contains numerous oil 
fields which produce sour crude oil 
and/or sour gas, The produced gases, 
well being extremely corrosive 
toward lease equipment, are toxic and 
present hazard field personnel who 
must enter lease storage facilities. Con- 
sequently, many operators the area 
have abandoned the use single stacks 
from individual tanks and have used, 
instead, closed vent lines feeding into 
common stack. Thus, the corrosion 
problem associated with the closed 
venting systems identical that 
the stock tank vapor space. 

Since aluminum tank decks have 
proven excellent negating vapor 
space corrosion lease stock tanks, 
was felt that light walled aluminum 
pipe would prove excellent material 
for fabrication tank vent lines. The 
nature the application was such that 
laboratory studies were not applicable; 
* Research Engineer, Department of Metal- 


lurgical Research, Kaiser Aluminum and 
Chemical Corp., Spokane, Wash. 
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Association Individuals and Organizations Concerned with Control Corrosion 
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Elimination Tank Vent Line Corrosion Problem 
Through the Use Aluminum Pipe and Fittings 


BROOKS* 


therefore, was decided that this evalu- 
ation aluminum pipe would car- 
ried out under operating service condi- 
tions. 

Field Tests 

The site selected for field testing was 
sour field Wyoming’s Big Horn 
Basin. the test location, venting 
system light wall steel pipe was used 
vent gas from four low 500 and 
two high 1000 bbl bolted steel tanks. 
The steel venting system suffered such 
severe internal corrosion that the lines 
were removed least twice yearly for 
repair the welding shop. The ex- 
terior surfaces the lines were also 
severely attacked and required addi- 
tional expensive maintenance. 

October 13, 1955, the existing 
venting system the test site was 
replaced with aluminum venting sys- 
tem composed 4-inch 0.072-inch 
aluminum pipe alloys 5086 and Alclad 
(7072)5086. The pipe was cut length 
the location and was joined 
union-type flared connection. Mitered 
degree aluminum elbows and tees, 
fabricated advance the laboratory, 
were used where required. Additionally, 
connect the vent lines the 3-inch 
hillside tank flanges, schedule steel 
4-inch 3-inch swedges were cut 
length, 4-inch gauge steel 
boiler tube was welded into the swedges, 


Cast Aluminum Nut 
4" OD x 14 Gauge Steel 
Tube - Plastic Coated 


3" x 4" Schedule 40 Steel 
Swedge - Plastic Coated 


3” Hillside Bolted 
Tank Flange 


Figure 1—Assembly utilized connect aluminum 

vent lines into the hillside tank flanges, pre- 

vent corrosion the steel components, the assem- 

bly was internally coated with a neoprene base 
paint. 


OFFICIAL MONTHLY PUBLICATION 


Houston Texas 


No. 


over the boiler tube, and the steel tube 
was flared degree angle. pre- 
vent corrosion the steel parts, all 
internal steel surfaces the venting 
system were coated with neoprene 
base paint (Figure 1). 

The aluminum test lines shown 
Figure have been unaffected cor- 
rosion after three years’ service. The 
lines were inspected July 1957 and 
attack was noted either the bare 
5086 Alclad(7072)5086. The plastic 
coating the steel connections has 
sloughed locally from the coated fittings, 
and some attack the steel has been 
observed. The use coated steel this 
application was one expedience and 
future installations only cast alumi- 
num fittings will used. 

Based the fact that corrosion 
the aluminum material has occurred 
after three years, anticipated that 
this service aluminum pipe and fit- 
tings will have minimum life 
years without repair 
This prediction supported the ex- 
cellent performance aluminum tank 
decks which have been continuous 
use this area for approximately 
years. 


Figure 2—View of aluminum venting system taken 

from the top of a 1000-bbi tank, Shop fabricated 

degree ells and tees were used this 

lation. The line the left runs into common 

stack consisting 30-foot length aluminum 
pipe with a base plate attached. 


az 
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The Electrochemical Behavior Aluminum 


Introduction 

HIS ARTICLE describes the ap- 

plication aluminum method 
established for the study 
the electrochemical behavior metals 
and metalloids the presence aque- 
articles prepared connection with 
work entitled “Atlas Electro- 
chemical Equilibria.” This series com- 
posed two groups articles. One 
group discusses the general method 
the other group consists 
articles the following substances: 
hydrogen 
germanium,* molyb- 
rium,* tin, and 

Similar reports have been made for 
chlorine iodine sul- 
fur and zirconium (Maraghini 
and Van 

work aluminum was 
published 1951 Delahay, Pourbaix, 
and Van Rysselberghe.” 
1951 used the same method for the 
study layers oxide aluminum 
nitric acid. 1953 this method was 
applied the study the corrosion 
aluminum Groot and Peekema,” 
who drew corrosion diagram for 
concentration dissolved aluminum 
equal 10° gram atomic weights/ 
liter. 

The object the present work 
set forth the electrochemical behavior 
aluminum according the standard 
form established for the “Atlas Elec- 
trochemical Equilibria.” compre- 
hensive study based the most reliable 
published data. The first step 
establish the basis the original 
data the literature, the values for the 
standard free energies formation 
the constituents the system 
reactions which the constituents are 
able participate, and equilibrium 
potential-pH diagram derived. With this 
diagram, interpretation made 
the stability aluminum and its oxides. 


4,5 


Standard Free Energies 
Formation 


Values accepted for the standard free 
energies formation are listed 


% Rapport Technique 42 of the Centre Belge 
a’Etude de la Corrosion. This paper was 
presented at the Ninth Meeting of the Inter- 
national Committee on Thermodynamics and 
Electrochemical Kinetics CITCE, Paris, July, 
1957. The translation of this paper was made 
by C. Groot. Hanford Atomic Products Op- 
eration, Richland, Washington. 


@® Centre Belge d'Etude de la Corrosion, Brus- 
sels, Belgium, 


* Since the publication of this paper, reports 
have been prepared on the electrochemical 
behavior of antimony, arsenic, bismuth, boron, 
chlorine, and zirconium. 


below. The values not marked the 
sign are those indicated Lati- 
All the values are expressed 
small calories. the case where the 
reference does not indicate significant 
figures for the hundreds, tens, and units 
small calories, the zero has been used. 
permit the reader appreciate the 
degree precision which may at- 
tributed these values, the digits which 
may reasonably considered exact 
have been underlined; however, the last 
digit each series used with 
caution. 


Dissolved Substances 


56,690 cal 
37,595 
—155,000 
(°) —200,710 
—257,400 


Solid Phases 


—376,770 

Al.O; 3H:O 


—554,600 


Here how the values for the com- 
pounds aluminum have been estab- 
lished: 


cal.) Latimer adopted 
the value given the Bureau Stand- 
ards. value based the heat 
formation (—125,400 cal) and the en- 
tropy (—70.9 cal/°C determined Lati- 
mer and 


Al(OH); (—271,900 cal). Latimer based 
this value the heat formation 
(—304,000 cal) and the entropy, esti- 
cal.* 

corundum (—376,770 cal). Lati- 
mer adopted the Bureau Standards 
value calculated from the heat for- 
mation (—399,090 cal) and the entropy 

bohmite (435,000 cal). 
Latimer adopted the Bureau Stand- 
ards value calculated from the heat 
formation (471,000 cal) and the entropy 
—435,000 56,690 cal. 

(—257,400 cal). Fricke and 
studying the aging aluminum hydrox- 


*n° of Pourbaix and Deltombe corresponds to 
AF® of Latimer. 


Abstract 


A_ study was made of electrochemical 
behavior aluminum the presence 
aqueous solutions. The potential-pH equi- 
librium diagram of the system aluminum- 
water was developed from the 
standard free energies the constitu- 
ents, and the general electrochemical 
behavior of aluminum was deduced from 
the diagram. The diagram was _ estab- 
lished considering the ions and 
AlO2 and the solid phases Al and 
H20 (hydrargillite). 

The diagram indicates the theoretical 
circumstances in which aluminum should 
show corrosion, immunity, and passivity, 
under the hypothesis that the passiva- 
tion results from the formation of a film 
oxide whose stability resembles that of 
hydrargillite. The stability aluminum 
and the different forms és its oxides are 
discussed. Curves are given the solu- 
bilities the oxides and hydroxides 
functions pH. 3.6.5 


ide gels solutions caustic soda, 
stated that the first phase the evolu- 
tion the gel the formation 
bohmite, From meas- 
urements, they calculated for com- 
pound the product (H*) 


librium relation may written log 


therefore 
1363 
= 2 + 435,000 
1363 

from which follows that 
—200,710 cal. Writing the aluminate 
cal. Latimer has calculated 
—204,700 cal, the basis 
uncertain heat formation (—218.6 
cal) and estimated entropy 
the other hand, has cal- 
culated —255,200 cal based 
—271,900 cal and the 
solubility product (H*) 
This value the solubility prod- 
uct agrees well with that calculated 
Fricke and Meyring for 
very probable that likewise refers 
and not set forth 
Latimer. 


cal). For the second stage the aging 
aluminum hydroxide gels solutions 
caustic soda, Fricke and Meyring 


erite 
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have characterized the formation bay- 
erite with solubility 
applying the general equilibrium 


(—13.82) 
1363 
1363 


From this follows that 
—552,470 which correponds 
—382,400 cal. 


cal). The last stage aging the alu- 
minum hydroxide gel caustic soda 
corresponds, according Fricke and 
Meyring, the formation 
lite which Fricke and 
Jucaitis” have calculated the solubility 
applying the general equilib- 
rium relation the reaction 
obtains 
(—14.60) 

1363 

1363 
Hence, —554,600 cal, which 
Latimer had adopted the value the 
Bureau Standards, —547,900 cal, cal- 
culated from the heat formation, 
—613,700 cal, and the entropy 33.51 
This value, which corresponds 
—377,830 cal, would signify 
that hydrargillite less stable than 
—378,310 cal) which 
contrary reality. 

For want thermodynamic data, 
has not been possible take into ac- 
count the monovalent ions These 
ions, the opinion many authors, 
notably Epelboin, are able form dur- 
ing the anodic polarization aluminum. 
For the same reason, has not been 
possible take into account the varie- 
ties anhydrous alumina other than 
corundum Such alu- 
minas include 
and aluminas. 


Equilibrium Reactions and Formulas* 


Homogeneous reactions, without oxi- 
dation 


(Al***) 


Heterogeneous reactions involving two 
solid phases, with oxidation 
3. 2Al 3H,0 = Al.Os3 6H* +. 6e7 


—1.505 
—1.550 


Heterogeneous reactions involving one 
solid phase, without oxidation 


*In the formulas which follow the letters a., 
b., «., and d., are values for different oxides 
of hydrates of aluminum. The respective free 
energies of these compounds are given on 
page 16 under the heading ‘Solid Phases.” 
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1.4 
a; 1.2 
1 
0.8 0.8 
0.6 0.6 
Colorless 
0.4 0.4 
0.2 
0.2 
White 
-0.2 
Colorless 
-0.6 
1 
-0.8 -0.8 
-1 
' 
1.4 -1.4 
-1.6 
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-2.4 -2.4 
-2.6 


Figure 1—Potential-pH diagram for the system 


7.98 
6.48 
=5.70 


—12.32 
—13.82 
—14.60 


With oxidation 


0.0197 log 


Potential Equilibrium Diagram 
and Interpretation 


Establishing the Diagram 

the basis the equilibrium rela- 
tions established Part one can draw, 
Figure the equilibrium poten- 
tial-pH diagram for the following dis- 
solved bodies: 

The colorless aluminum cation Al*** 

The colorless aluminate anion 


One does not take into account the 
cations Al(OH)** and these 
not seem real the chloride 
complexes. understood that the alu- 
minate could represented equally 
well the formula Concern- 
ing solid phases, other than aluminum 
metal, choice must made between 
the several oxides and hydrates for 
which equilibrium formulas have been 
calculated. From the free energies estab- 
lished Part and reducing each 
the anhydrous oxide one able 
classify these oxides hydrates 
follows, the order decreasing free 
energy increasing stability. 


cal 
corundum —376,770 
—378,310 


Hydrargillite, ALO; which 
shown the table the most stable 
hydrated alumina, has been chosen for 
drawing the equilibrium diagram. Fig- 
ure represents the thermodynamic 


** The free energies are deduced from the con- 
ditions of equilibrium for the reactions: 


Al.O; H.0 — ALOs H.0 or 


ALO; * 3H.0 = AlO; + 3H:0 or 


° — ° ° 
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Corrosion 


Passivation 


Corrosion 


pH 


Figure 2—The corrosion, “peg and passivation of aluminum at 25 C. Findings were based on 
passivation by a film of hydrargillite, AlsOs * 3 H2O; figure was deduced from Figure 1. 


0 


V=rate corrosion mg. /dm2 hr. 


Figure 3—Influence of pH on the rate of corrosion of aluminum (Shatalov). 


the absence complexing sub- 
stances and substances forming insoluble 
salts. reported that the complexes 
aluminum are numerous. The most 
important are those produced or- 
ganic anions—citrate, tartrate, oxalate, 
etc. well the fluoride complexes 
Slightly soluble compounds 


498t 


are the phosphate and the oxinate. Cal- 
cium aluminate also only slightly 
soluble. 


Stability and Corrosion Aluminum 
According Figure aluminum 
very base metal, that its domain 
stability far below that water. 
the presence water, tends strongly 


Vol. 


decompose water with evolution 
hydrogen, dissolving form the ion 
Under certain conditions far 
poorly elucidated, the dissolution may 
occur with formation the monovalent 
ion the presence alkaline solu- 
tions also, aluminum has strong tend- 
ency decompose water with evolution 
hydrogen, dissolving form the alu- 
minate ion 

solutions which not complex 
aluminum ion, aluminum tends 
covered with protective film oxide. 
The exact nature this not 
understood nor are its thermodynamic 
characteristics. Thus Figure has been 
drawn the basis that the protective 
equivalent free energy forma- 
tion —384,530 cal). 

Under these conditions, non- 
complexing solution, the covering the 
metal with layer oxide produced 
one molar dissolved aluminum, and 
molar. probable that the oxide 
which forms has free energy even 
smaller than that which corresponds 
hydrargillite, and, consequently, the 
solubility even smaller. Figure de- 
duced from Figure represents, under 
certain the theoretical cir- 
cumstances corrosion, immunity, and 
passivation aluminum solution 
free substances which are able 
form soluble complexes insoluble 
salts this 

practice, the corrosion behavior 
aluminum determined the behavior 
the film oxide (with which 
nearly always covered) toward the solu- 
tions concerned. The cases poor cor- 
rosion resistance aluminum often are 
connected with the development this 
film oxide, notably with its degree 
that the dissolution the film slower 
acids than alkaline solutions. 
the film oxide eliminated, the at- 
tack immediate, both acid and 
alkaline solutions. Water general 
without action except particular cases 
when there danger pitting. Shata- 
has studied the rate corrosion 
and expressed the results semi- 
logarithmic graph which has been re- 
produced Figure 3a. Figure 3b, 
these same results have been transferred 
graph with linear co-ordinates, 
which emphasizes the slow rate cor- 
rosion between and and 
the rapid increase outside these limits. 

The equilibrium electrode potential 
practically impossible measure directly, 
because the great probability evo- 
lution hydrogen low potentials. 
addition, the measurements are compli- 
cated the strong tendency the alu- 
minum cover itself with 
conductive layer oxide. The results 
obtained are always higher than the 
values calculated theoretically. Among 
the number tentative values for the 
potential this electrode are those 
Heyrovsky,” who used liquid amal- 
gam aluminum, The mercury the 
amalgam eliminated the evolution 
hydrogen increasing the hydrogen 
overvoltage. Heyrovsky has stated that 
under these conditions the secondary re- 
eliminated. The observed potential, how- 
ever, does not correspond the reac- 

The anodic behavior aluminum 
also affected the formation pas- 
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sive layer oxide the surface 
the metal. However, when conditions 
are the least favorable the formation 
the film, one can obtain anodic dis- 
solution the diverse solution, 
acid and alkaline, with current effi- 
ciency equal even greater than 100 
percent. This value calculated from 
the formation the trivalent aluminum 
ion efficiency more than 
100 percent implies the formation ions 
aluminum valence less than three, 
as, for example Thus, according 
Gunther-Schultz,” the efficiency prac- 
tically 100 percent HNOs, and ac- 
cording Blum and Rawdon,” 
above 100 percent for rotating anodes 
salts, the dissolution aluminum al- 
ways accompanied the formation 
made anodized aluminum. Anodizing 
covers the aluminum with oxide film 
which imparts desirable properties, such 
the absorption colored materials 
and resistance chemical agents and 
the passage electric current. Ac- 
cording this layer consists 
essentially very thin layer anhy- 
drous alumina directly contact with 
the metal, while the part contact with 
the bath made alumina monohy- 
action the water the layer 


The cathodic protection aluminum 
practically impossible because the 
very low value the potential pro- 
tection (—1.78 volt). For the same rea- 
son, the electrodeposition aluminum 
from aqueous solution practically im- 
possible. Many attempts have been made 
but without practical success, though 
under very special conditions one can 
deposit the metal. The classic procedure 
electrowinning the metal based 
the electrolysis its molten salts. 


Stability the Oxide Aluminum 
and Its Hydrates 

The oxide aluminum, alumina 
occurs diverse forms. The 
ordinary variety corundum, called 
alumina, crystallizing the rhom- 
bohedral class. The others are alumina 
with hexagonal crystals, alumina with 
cubic crystals, and alumina with rhom- 
bohedral crystals. The physical and 
chemical properties aluminas are de- 
pendent large measure the tem- 
peratures attained their preparations. 
When heated high temperatures, alu- 
minas lose their hygroscopic properties 
and become practically insoluble 
acids bases. 

When alkali added solution 
aluminum salt, acid solution 
aluminate, one obtains precipi- 
tate, hydroxide gel, corresponding essen- 
tially the composition and 
amphoteric nature. However, the alu- 
minum hydroxide gel not stable. 
crystallizes eventually give the mono- 
hydrate crystallizing the 
rhombohedral system. then gives the 
trihydrate bayerite, crystallizing 
the monoclinic system, and finally an- 
other trihydrate, hydrargillite, crystal- 
lizing the same system. This evolu- 
tion the hydroxide aluminum 
known “aging.” The diverse hydrates 
formed the course aging are char- 
acterized greater and greater stabil- 
ities, and concomitant variation all 
their properties, particularly their 
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0 dec ba ( )3 £ 0 
\ Al AlO3 ab a 
‘ 
-3 Heyrovsky Kolthof: 
Solubility pure water 
Bayerite 
-8 - 


pH 


TABLE 
log 
sol.) gm 
(cal) 5.1 gm. at. 
Al —32.34 —10.64 —5.3 —5.3 (pH = 5.3) 
—376,770 —33.45 —11.76 —6.4 —5.9 (pH = 5.9) 
Béhmite. . —374,310 —34.02 —12.32 —7.0 —6.2 (pH = 6.1) 
Bayerite. re —35.52 —13.82 —8.5 —7.2 (pH = 6. 3 
Hydrargillite. —384,530 —36.30 —14.60 —9.2 —7.8 (pH = 6.8 


solubilities acids, bases, and pure 
water. 

Figure series curves have 
been drawn showing the influence 
the solubilities the several 
compounds for which the values the 
free energy are available. The curves 
result equilibrium relations 
Part Information given for each 
the compounds includes the value the 
free energy reduced the loga- 
rithm the solubility products acids 
and bases, the logarithm the mini- 
mum solubility 5.1, and the solu- 
bilities pure water. All these data 
were deduced from the 
lations Part the curves Fig- 
ure Among these data, those relative 
the alkaline solubility 
drargillite are necessarily equal 
the values shown Fricke and 
and Fricke and Jucaitis,” 
for these were the values that served 
the basis for the calculations the 
free energies these compounds (see 
Part 2). likewise indicated Part 
measured solubility product 
which Latimer considered 
that the hydroxide 
appears that this value much closer 
thus probable that Kolt- 
hoff allowed his hydroxides stabilize 
that the moment measurement 
they were not The three 
points corresponding the measure- 
ments Kolthoff are shown Figure 

The solubility product acid solu- 
tions more difficult determine be- 
cause the mixture ions that may 
occur. This solution exists the 
three forms, and 
which upon hydrolysis give respectively 


and 
has made calculation the 
solubility product based 
tromotive forces concentration cells 
aluminum chloride, and 
that way the value 1.06 (or 
for very dilute solutions. According 
Table this value intermediate between 
those calculated for and for 
Figure 4,a curve has been drawn 
corresponding Heyrovsky’s solubility 
product for concentrations 
less than For higher concentra- 
tions, the upper and lower limits given 
that author for the value 
have been represented function pH. 

Britton,” studying the variation with 
solution 0.00667 (or 
Al) caustic soda, has 
observed that precipitate began 
separate for that solution 4.14. 
This certainly case freshly pre- 
cipitated and the point express- 
ing the result Britton Figure 

Experimental data the minimum 
solubilities the hydrates alumina 
are almost non-existent. However, Ed- 
wards and stated that, the 
practice service water clarification 
compounds aluminum, one rarely ob- 
served residual concentration alu- 
minum the treated water above 
gm. at. Al/1, According 
laboratory tests the minimum solubility 
lies between 5.5 and 7.8. 

Concerning solubilities pure water, 
Remy and have calculated 
titration (0.92 10° mole 
and also measurements the 
specific conductivity saturated solu- 
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has obtained value 0.96 
10° mole (which mole 
gm. at. Al/1) acidi- 
metric titration solution saturated 


have determined analytically the con- 
rated with respect 12-15 
and have found 0.6 mgs 
gm. at. All these values 
agree well enough between themselves, 
but leave open the question exactly 
what form oxide hydroxide they 
represent. 


Summary 

The potential-pH equilibrium diagram 
the system aluminum-water was de- 
veloped from the standard free energies 
the constituents, and the general elec- 
trochemical behavior aluminum de- 
duced from the diagram. 

Most the values the free 
energies were taken from the work 
“Oxidation Potentials” (1952) Lati- 
mer. The following values were calcu- 
lated from experimental data found the 
—552,470 cal (bayerite) 
and —554,600 cal (hydrargillite). 

The diagram was established con- 
sidering the ions and and 
the solid phases and 
(hydrargillite). The diagram indicates 
the theoretical circumstances which 
aluminum should show corrosion, im- 
munity, and passivity, under the hy- 
pothesis that the passivation results from 
the formation film oxide whose 


stability resembles that hydrargillite. 
The stability aluminum and the dif- 
ferent forms its oxides are discussed. 
Curves are given the solubilities 
the oxides and hydroxides functions 
pH. 
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Corrosion-Resistant Experimental Steels 


Introduction 

CORROSION carbon-steel 

piling sea-water installations 
most severe the “splash Pre- 
vious exposure tests have shown that Ni- 
Cu-P (nickel-copper-phosphorus) steels 
have superior corrosion resistance 
this zone. The present paper contains 
data comparing the corrosion after 
2-, and 5-year exposures, in- 
tervals, 20-foot-long specimens 
structural carbon steel and steels 
having various combinations nickel, 
copper, and phosphorus. also contains 
data from 3.5-year atmospheric test 
exposed feet from the ocean shore. 


Materials and Experimental Work 


Sea-Water Tests 

1951, quadruplicate 20-foot-long, 
inch-wide specimens different Ni- 
Cu-P experimental steels and carbon 
steel (sheet-steel piling grade) were ex- 
posed The International Nickel Com- 
pany’s Harbor Island Testing Station 
Wrightsville Beach, North Carolina. 
The experimental steels had yield points 
49,000 52,000 psi tensile 
strengths 71,000 76,000 psi; the 
elongations inches were 29.0 34.0 
percent. The compositions these steels 
are shown Table 


The specimens were placed 
water that their tops extended above 
the splash zone while the bottoms were 
the mud. photograph the speci- 
mens the start the test shown 
Figure the water the foreground 
part 100-yard-wide channel 
through which tidal currents flow. The 
relatively minor wave action parallel 
the installation, and the splash zone 
narrower than the case with piling 
exposed the rougher water along the 
open sea coast. 

specimen each steel was removed 
after 1-, 2-, and 5-year exposures, and 
was cleaned and examined. 
graph specimens taken immediately 
after removal shown Figure The 
strips were sheared into approximately 
pieces, and the proportionate 
fraction the original weight the 
20-foot strips was assigned each 
the pieces the basis its length. 
From the weight after cleaning 
sodium-hydride bath and from the esti- 
mated original weight, the average de- 
crease thickness each piece was 
calculated. 


Atmospheric Tests 
1951, quintuplicate 6-inch 
specimens six experimental Ni-Cu-P 


% Submitted for publication February 24, 1958. 
A paper presented at the Fourteenth Annual 
Conference, National Association of Corro- 
sion Engineers, San Francisco, California, 
March 17-21, 1958. 


* The area above high tide where the piling 
either is intermittently immersed in sea water 
or occasionally splashed by wave action.1 
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steels, structural copper steel, and two 
structural carbon steels were exposed 
atmospheric-test racks located along 
the shore about feet from the water- 
line Kure Beach, North Carolina. 
Figure shows the 80-foot site the 
foreground the photograph. The com- 
positions these materials also are 
shown Table Loss-of-thickness 


Abstract 


Six steels having various combinations 
of nickel, copper and phosphorous were 
tested in sea water for exposure periods 
one, two and five years, and com- 
parison made with the corrosion resist- 
ance structural carbon steel. The test 
specimens measured feet length 
and were placed the sea water that 
their tops extended above the splash zone 
while the bottoms were the mud. De- 
creases in thickness were calculated at 
different levels foreach the Ni-Cu-P 
steels. was found that these steels 
were much more corrosion re- 
sistant than the sheet-piling steel the 
conditions existing and above high 
tide. The superiority was even greater 
when the steels were exposed the 
atmosphere feet from shore. The five- 
year exposure tests showed that steel 
containing 0.5 percent Ni, 0.5 percent 
and 0.12 percent had the greatest 
resistance the steels tested. The at- 
tack below low tide was essentially inde- 
the composition the steel. 

itting attack was very local and thus 
severe. atmospheric tests made feet 
from the shore, the most resistant 
Ni-Cu-P steel had weight loss only 
percent that of sheet-piling steel. 2.2.3 


data from this test after exposures 
0.5, 1.5, and 3.5 years are given 
Table Many the specimens were 
lost during the October, 1954, hurricane. 
the remaining triplicate specimens all 
steels were recovered. All the specimens 
which had been replaced the test 
racks after the hurricane were removed 
1955. 


Results and Discussion 


Inspection the data Table 
shows that the results the 5-year 
exposure continue the trends shown 
the and 2-year exposure. Despite cer- 
tain apparent anomalies, which will 
discussed later, evident that the 
most corrosive area, which immedi- 
ately above high tide (splash zone), all 


Figure 1—Simulated piling test. Size specimens right 0.5 ft. 
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Exposed to: 


Shells and Mud 


Water 


Tidal Zone 


Atmosphere, 
including 
sea-water spray 
(splash zone) 


Figure 2—View of 20-ft. specimens removed after one-year exposure. 


TABLE 1—Compositions Materials Exposed 1951 Sea Water and Marine 


Atmosphere 
COMPOSITION, PERCENT 

SW—MA BO1457 0.5 Ni, 0.2 Cu, 0.1 P 0.12} 0.40) 0.11 0.021} 0.044) 0.20; 0.54} 0.02 

SW—MA BO1459 0.5 Ni, 0.2 Cu, 0.1 P 0.14} 0.42!) 0.14 0.024} 0.042} 0.20) 0.55} 0.02 

SW—MA BO1456 0.3 Ni, 0.2 Cu, 0.2 P 0.12} 0.36) 0.17 | 0.025) 0.05 | 0.22 _ 0.28 0.01 

BO1468 Sheet-Steel Piling 0.27| 0.036| 0.06| 0.04 
D367 Structural Carbon Steel 0.51| 0.032| 0.07 0.05| 0.09 
MA D368 Structural Copper Steel 0.19) 0.61) 0.013) 0.042) 0.029) 0.23) 0.04) 0.05 


Water and Marine Atmosphere. 
Marine Atmosphere. 


BO1457. 


TABLE Weight Specimens Exposed the Atmosphere Kure Beach, 


‘ 


Type? 
0.5 Ni, 0.5 Cu, 0. 


1 
0.5 Ni, 0.2 Cu, 0.2 
0.5 Ni, 0.2 Cu, 0.1 
0.5 Ni, 0.2 Cu, 0.1 


0.3 Ni, 0.2 Cu, 0.1 
0.3 Ni, 0.2 Cu, 0.2 


Sheet-Steel Piling 


Structural Carbon Steel 
Structural Copper Steel 


1 Specimens were located approximately 80 feet from shore line at high tide. 
2 Compositions in Table 

2 Caleulated from loss of weight of the 4- by 6 inch specimens. 
Numeral indicates replicate specimens that survived hurricane. 


Average Decrease 
Thickness, Mils? 


0.5 


ear | 1.5 Years | 3.5 Years 
7 11(3)4 
5 14(2) 
6 19(2) 
3.5 19(3) 
5 23(2) 
16 93(3) 
72(1) 


Vol. 


the Ni-Cu-P steels have better corrosion 
resistance than the sheet-piling steel. 
the basis all the accumulated data, 
the steel (B01458) containing 0.5 per- 
cent Ni, 0.5 percent Cu, and 0.12 per- 
cent appears the most consist- 
ently resistant the splash zone. 


The data Table indicate that the 
individual average decreases 
ness, calculated from weight losses, 
may somewhat erroneous few 
instances. This situation exists because 
assumptions that were made esti- 
mating the correct factional part the 
original weight the 20-foot-long speci- 
men for subsequently sheared 
piece. For simplicity, the original piece 
was assumed uniform thickness 
and width. Actually, there was little 
variation thickness, but believed 
that the data accurately reveal gross dif- 
ferences corrosive attack between the 
various steels, Individual cases which 
there appears have been less attack 
five years than two years probably 
are caused combination all the 
factors involved influencing the errors 
direction. 


Because the fact that the shore- 
ward sides the 
mens were bolted creosoted timbers 
(Figure 1), the calculated decrease 
thickness the 1-foot section (Table 
3), somewhat unrealistic. Also, the 
corrosion diminished the tops 
the 20-foot-long strips because there 
comparatively slight wave action the 
channel where the test was located. The 
author believes that because the very 
large differences between the 
the sheet-piling steel and all the Ni- 
Cu-P steels the 80-foot atmospheric 
test lot, many exposures actual 
piling the superiority the Ni-Cu-P 
steels would shown greater dis- 
tances above high tide than the case 
this test. Whether not this cor- 
rect will shown subsequently tests 
that were exposed 1956 several 
locations where the spray conditions 
were much more severe. 

The attack steels immersed sea 
water function the availability 
the dissolved oxygen the metal-water 
interface. there are small areas where 
the soluble oxygen consumed before 
reaching the metal diffusion through 
the rust and the fouling, and large areas 
where the oxygen remains contact 
with the steel, severe pitting attack will 
result the areas where there 
deficiency oxygen. That this occurred 
the 20-foot specimens sheet- piling 
steel and Ni-Cu-P steel shown 
Figure The maximum and minimum 
thicknesses each the twenty 1-foot- 
long, cleaned pieces the two steels 
were measured with ball-point mi- 
crometer. would expected, the 
residual thicknesses, calculated from the 
measured weight losses, are between the 
two extremes. 


The data Figure shows that the 
249-mil thick Ni-Cu-P steel 
the splash zone was 162 mils, whereas 
the sheet-piling steel was (perfora- 
tion). The depth that the pits the 
latter would have reached the speci- 
men had been thicker unknown. 
evident that the superiority the 
Ni-Cu-P steel measured loss 
weight greater than when measured 
comparison the minimum thick- 
nesses. The latter measurement, how- 
ever, related the chance occurrence 
two pits exactly opposite each other. 


a 


fase 
| 

al 

Ss 
1.6 
1.6 
D367 2.9 

1 


November, 1958 


Figure 3—Marine atmospheric test sites (prior 

July, 1954 at Kure Beach, N. C. In foreground is 

shown the 80-ft. test site and in background the 
800-ft. test site. 


the splash zone, the apparent resist- 
ance pitting attack the Ni-Cu-P 
steel least three times 
that the sheet-piling grade. 

Whether bad pitting would occur 
each side sheet-steel piling would 
depend upon exposure conditions, such 
type fill. Pitting below low tide 
may prevented actual installations 
cathodic protection measures. 

Attention called the compara- 
tively low losses thickness that oc- 
curred near the “mean tide” zone all 
specimens. reported that 
high tide, steel surfaces below the low- 
tide zone were anodic that portion 
the same steel the tidal zone. This 
results acceleration the attack 
the steel below the low-tide zone 
and partial protection the surface 
the tidal zone. 

The comparatively excellent corrosion 
resistance the 0.5 Ni, 0.5 Cu, 0.12 
steel sea-water-spray conditions 
shown Table and confirmed the 
data Table should remem- 
bered that large percentage the 
weight loss all the specimens exposed 
feet from the shore occurs the 
groundward side the specimens, which 
are exposed angle degrees 
the horizontal and facing the water. 
The sea salt from evaporation the 
spray not washed from the ground- 
ward surface by: rain. The severe corro- 
sion carbon steel and copper steel, 
when exposed under shelter and near 
the ocean has been 

Table shows that the calculated 
average losses thickness the struc- 
tural (sheet-steel piling 
grade) and structural copper steel after 
exposure 0.5 year are 2.6 and 2.9 
mils, respectively; yet, after 3.5 years 
they are and 72, respectively. 
interest that the industrial atmos- 
phere Kearny, New Jersey, the calcu- 
lated average losses steels very simi- 
lar composition the above steels 
Kure Beach were 5.6 and 3.5 mils 
after 0.5-year exposure and 10.2 and 
6.6 mils, respectively, after 3.5-year 
exposure. The greater protective effect 
the rust film the industrial atmos- 
phere evident. 


Summary 


The results 1-, 2-, and 5-year ex- 
posure tests show conclusively that 
sea-water service the Ni-Cu-P steels 
class are much more resistant than 
sheet-piling steel the conditions exist- 


ing and above high tide. The superi- 
ority even greater when the steels are 
exposed the atmosphere feet from 
the shore. 


CORROSION-RESISTANT EXPERIMENTAL STEELS FOR MARINE APPLICATIONS 


Approximate Low Tide Line 
~ 
Avg Thickness 
Weight) 
250 200 150 250 200 150 100 
RESIDUAL THICKNESS AFTER YEARS, mils 
Ni-Cu-P Sheet-Piling Stee/ 
(801458) (801468) 
Figure 4—Comparative corrosion two steels marine environments. 
After five years’ exposure lost only one-half much during 


splash zone immediately above high 
tide, steel containing 0.5 percent Ni, 
0.5 percent Cu, and 0.12 percent had 
the greatest resistance the Ni- 
Cu-P steels tested. The attack below 
low tide was essentially independent 
the composition the steel, and 
calculations based loss weight, 
was about mils, 4.5 mils, per year 
for each surface. Pitting attack was 
very local, and consequently, severe. 

During the last two years 3.5- 
year test, the weight loss the most 
resistant Ni-Cu-P steel when exposed 
the usual atmospheric test racks 
about feet from the ocean was only 
percent that sheet-piling steel. 


Present Testing Work 
example the non-reproducibility 
the corrosive conditions the 80-foot 
test site illustrated the following: 


test exposed just year later, the 
same structural copper steel 368) 


exposure 3.5 years, that mils 
the 1951 exposure, mils the 1952 
exposure. Major differences amount 
and time deposit sea water the 
groundward sides the specimens were 
probably the major factors. Much larger 
variations between the losses repli- 
cate specimens occur the 80-foot site 
than any other. For instance, the 
variation the losses the speci- 
mens sheet-piling steel shown 
Table was grams. 

Comparative tests samples from 
100-ton heat experimental steel 
containing 0.5 percent Ni, 0.2 percent 
Cu, and 0.12 percent and carbon 
steel, have been exposed Boston, 
Massachusetts; Wrightsville, and Caro- 
lina Beach, North Carolina; Mobile, 
Alabama; Harvey, Louisiana; Caplan, 
Texas; and Seattle, Washington. 

Plans are being made compare the 
resistance 0.5 Ni, 0.5 Cu, 0.12 


steel and sheet-piling steel 
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TABLE Decrease Thickness 20-Foot Specimens Sea Water* 


Ni-0.54% 
Cu-0.52% 

Avg. Sheet-Piling Steel P-0.12% 


Top Mils Mils Mils Mils Mils Mils 


13.5 
14.5 
15.5 
16.5 
17.5 
18.5 
19.5 


B01457 BO01459 B01467 B01456 
Ni-0.55% Ni-0.54% Ni-0.55% Ni-0.28% Ni-0.28% 
Cu-0.22% Cu-0.20% Cu-0.20% Cu-0.20% Cu-0.22% 
P-0.17% P-0.11% P-0.14% P-0.14% P-0.17% 
Mils Mils Mils Mils Mils Mils Mils Mils Mils Mils Mils Mils Mils Mils Mils 


WOONNW 


NOTE: Approximate Mean High Tide feet from tops specimens; approximate Mean Low Tide about feet from tops specimens. 


* Specimens were exposed in 1951; figures quoted were calculated from losses of weight. 


locations and particularly 
odic maintenance above high tide 
very expensive. Such the case with 
the offshore oil-drilling rigs the Gulf 
Mexico and the Pacific. The steel’s 
widest application these rigs might 
for structural sections rather than 
for piling. 
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DISCUSSION 


Question Cornelius Groot, Richland, 
Washington: 


The corrosion your foot strips 
classic example non-uniform corro- 
sion and illustrates the difficulty 
measuring and expressing non-uniform 
corros‘on. Have you considered using 
the foot strips tensile specimens, 
thereby obtaining the reduction cross- 
section the weakest point? 


Mr. Groot’s suggestion using the 
entire 20-foot strip tensile specimen 


** Unrealistic values because of partial protection from top supporting member (see Figure 1.) 


obtain the maximum reduction 
cross-section excellent, but the equip- 
ment necessary for this measurement 
not available us. another numeri- 
cal calculation (besides calculated aver- 
age reduction thickness loss 
weight one-foot-long intervals) 
might feasible determine the 
breaking point the section immedi- 
ately above high tide, where occurs the 
greatest corrosion. this way 
4-foot piece could used, rather than 
the entire 20-foot piece. However, 
either the alternate methods, would 
necessary reserve unexposed sam- 
ples for comparison purposes, which was 
not done our experiment, 


Question John Carson, Pa- 
cific Naval Laboratory, HMC Dock- 
yard, Esquimalt, British Columbia: 


understanding that cathodic 
deposits are not normally encountered 
steel sea water cathode poten- 
tials less than volt silver- 
silver chloride electrode. Since the max- 
imum anodic potential which could 
expected the couple—steel (or rust 
scale) the tidal zone steel below 
the low tide level less than 
volt (vs the same reference electrode), 


Any discussions this article not published above 


will appear the June, 1959 issue 


cathodic potentials must equal 
less than this. Can you explain the oc- 
currence cathodic deposits the 
tidal zone continuous sheet steel pil- 
ing! 


way comment the question 
raised Mr. Carson his discussion 
Mr. Larrabee’s paper, may 
noted that deposition calcareous de- 
posits cathodic surfaces sea water 
probably not simple function 
potential even cathodic current den- 
sity. Precipitation calcium and mag- 
nesium compounds from sea water will 
result from anything that will increase 
the the sea water, the 
alkali formed cathodic reactions. The 
chance developing sufficient alka- 
linity bring about this precipitation 
will influenced the opportunity 
for alkaline compounds concentrate 
the layer solution next the 
cathode. This, turn, will greater 
stagnant solution than strongly 
agitated one. Consequently, the depo- 
sition calcareous deposits will de- 
termined not only the observed 


potential, but also the current density 
and agitation well. 
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Locating Underground Contacts And Open Couplings 


Introduction 
EFFECTIVENESS any 


cathodic protection system may 
completely nullified single under- 
ground contact open coupling. 
major consideration the operation and 
maintenance cathodic protection in- 
stallation may the cost locating 
these underground contacts and open 
couplings. Such operation may prove 
extremely difficult the city distribu- 
tion system due the nature con- 
struction and above-ground interference. 
Unlike the cross country pipe lines, the 
city distribution system may involve the 
running lines where there little 
regard physical separation from the 
other underground structures within the 
city area. 

further complication the opera- 
tion electrical insulation and continu- 
ity the city distribution system the 
small pipe sizes involved. Normal pipe 
sizes range from inch inches. 
The types most commonly used for 
mains are the inch, inch, and inch 
sizes. common practice use large 
quantities inch pipe inch 
pipe for service lines. this smaller 
inch inch ditch under paved 
street, easy see why exactly 
locating and making electrical contacts 
with this pipe would difficult oper- 
ation. 

The purpose this paper will 
describe and illustrate some rather 
simple tests which can used de- 
termine the location electrical con- 
tacts open couplings the under- 
ground piping. 

Figure shows the piping layout 
typical small distribution system con- 
structed since the days cathodic pro- 
tection. Insulating type fittings were 
provided during the time construc- 
tion electrically isolate this system 
into small, approximately 5,000 feet 
each, electrical units. This relatively 
new system and ideally constructed for 
the operation and maintenance ca- 
thodic protection. The policy isolat- 
ing system into small electrical sec- 
tions 5,000 feet 10,000 feet each 
believed sound and should 
followed when installing cathodic pro- 
tection the older systems, This 
considered necessary part cathodic 
protection installation and maintenance 
and should borne mind when the 
following tests are discussed. course, 
many the tests discussed are 
equally applicable longer system 
pipe line use. But, for the purpose 
the paper, attention and stress will 
placed small size pipe relatively 
short sections. 

addition sectionalizing the city 


*% Submitted for publication December 20, 1957. 
A paper presented at a meeting of the 
South Central Region, National Association 
of Corrosion Engineers, Oklahoma City, 
Oklahoma, October 1-4, 1957. 
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distribution system, necessary 
provide some type test points they 
are not provided means welded 
and coated service lines. many sys- 
tems the service lines provide excellent 
test points they may located 
average every feet along the 
distribution mains, coated, electrically 
continuous, and insulated above ground 
the meter installation. other loca- 
tions the test points such indicated 
Figure may provided. These test 
points are usually located paved areas. 

Perhaps the most useful measurement 
and the easiest made checking dis- 
tribution system potential measure- 
ment. For the routine cathodic protec- 
tion installation, potential measurements 
normally are the only measurements re- 
quired. Figure indicates the most com- 
mon method making potential meas- 
urements the distribution system. Note 
that the test point indicated that 
insulated meter loop. Either pipe-to- 
soil pipe-to-water potential measure- 
ments may made and used satis- 
factory potential measurements. the 
case pipe-to-water pipe measurements 
important that the water pipe ref- 
well-established system and not 
local service line that may insulated 
the main itself. 

Another item information that 
desirable complete record the 
original system. complete potential 
survey indicated Figure will 
noted, pipe-to-soil, water pipe-to- 
soil, and pipe-to-water pipe potentials 
are indicated with the cathodic protec- 


Abstract 


The city distribution system presents 
installation and maintenance 
the multiplicity underground pipin 
and cable systems. The paving har 
surfaces usually present limits visual in- 
spection and electrical test connections 
to the piping to an absolute minimum. 

This paper not intended 
theoretical treatise the underground 
electrical circuit, but instead gives 
approach the problem 
ocating contacts and open couplings. 
While some the methods used may 
not entirely correct theoretical 
standpoint, they have re- 
sulted satistactory solution un- 
derground open couplings and contact 
problems. The equipment discussed in- 
cludes the ammeter, volt meter, pipe 
locator, current interrupter, and other 
readily available variations of these in- 
struments. The discussion deals prima- 
rily with the practical use, limitations, 
and results that may obtained 
trained and experienced personnel. The 
emphasis placed experience and 
interpretation of results observed rather 
than on a theoretical approach. 4.5.3 


tion current both “on” and “off.” Also, 
column provided for the so-called 
change potentials due ca- 
thodic protection currents. This type 
potential record can invaluable when 
shooting troubles later on. also 
valuable when attempting locate open 
couplings contacts, since the poten- 
tial gradient the system very 
clearly indicated and the general sus- 
pected area pointed out. 

One other measurement that con- 
sidered must when shooting trouble 
distribution system that cur- 
rent drain, Normally the distribution 
systems are protected with galvanic 
anodes the anode current measure- 
ment considered necessity. Figure 
indicates the common circuit used for 
measuring anode currents. This 
standard zero resistance ammeter cir- 
the only satisfactory means measur- 
ing anode current when inserting the 
ammeter directly the current lead. 

Figure illustrates second method 
current measurement using perma- 
nently connected shunt installed the 
anode lead. Current measurements are 
made measuring the voltage drop 
across this permanently connected 
shunt. This method also satisfactory 
that changes are made the 
anode circuit when current measure- 
ments are being made. 

While the above-mentioned tests are 
not considered part locating con- 
tacts and couplings electrical meas- 
urement, they are believed the 
first and essential measurements 
make before attempting locate con- 
tacts open couplings. The potential 
measurements would used indi- 
cate the existence contacts open 
couplings, supported the current 
measurements determine proper op- 
eration the anodes. 
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Figure 1—Example sectionalization cathodic protection system. 
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Figure 2—Test points. 


Locating Contacts—Pipe Locator 
Method 

Assuming that has been definitely 
determined that low potentials exist due 
contacts, the most common and most 
rapid method locating such contacts 
the use contact type pipe 
locator illustrated Figure 

One pipe locator that general 
use the Wahlquist type which places 
audio tone the pipe. This audio 
tone actually noise tone created 
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vibrator rich harmonics and 
with basic frequency the order 
100-200 cycles per second. This audio 
voltage applied between the pipe and 
the ground. The method connecting 
the transmitter the pipe line and 
ground very important since the 
actual tone placed the pipe func- 
tion the circuit impedance. The lower 
the circuit impedance, normally, the 
greater the tone current that may 
placed the pipe. The tone audio 


Figure 3—Method of making potential measurements. 


current will follow the pipe until can 
leave the soil and return the 
transmitter through the soil. con- 
tact exists, this will through coat- 
ing faults the earth which rela- 
tively high resistance path. contact 
with relatively large structure, such 
underground water system, would 
provide low impedance path and tend 
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LOCATION 


Anode Inst. 1600 Main St. 
1501 Park St. 

800 Collier Sr. 

City Gate Station 

612 Sandow St. 

1420 Bell St. 

2611 Main St. 

1326 Adams St. 

1202 Kagle St. 


Figure 4—Example potential check-out. 


carry off major part the audio 
tone. contact this type would 
readily indicated the change tone 
the gas main. 

Figure illustrates rather ideal situ- 
ation which the tone placed 
coated pipe and followed means 
the pipe locator receiver until 
reaches the point contact which 
part the tone leaves the pipe. the 
case illustrated, assumed that the 
contact with line traveling 
direction perpendicular the cathodi- 
cally protected line. Normally, strong 
tone will leave the pipe locator trans- 
mitter and follow the gas main this 
point contact, there branching off 
the contacting foreign line. Some tone 
will continue the gas main but may 
very weak, some cases may 
relatively strong. The actual strength 
the tone the contacting line may 
little significance, but the fact that 
the tone leaving the gas line and 
being carried away the foreign line 
the indication contact. 

Care must taken actually deter- 
mine that tone being carried away 
the foreign line and not leaving the pro- 
tected line through coating fault. This 
usually can done accurately check- 
ing tor nulls over the foreign line; 
the conducting the tone, null 
will readily indicated. null 
located holding the pipe locator re- 
ceiver such manner that the plane 
its antenna parallel the field 
about the pipe. the exact point 
which the line force created the 
tone current parallel the plane 
the antenna, signal will received 
the pipe locator reciver. the cur- 
rent spreading through the earth, 
point null will obtained over the 
suspected line. 

further complicate the locating 
contacts the use pipe locators, 
the underground location pipes may 
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Figure 5—Measuring anode current resistance ammeter method. 
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AMMETER + FULL SCALE RANGES 
OF 1.0 AMPERE AND 200, 100, 
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VOLTMETER ~ FULL SCALE RANGES 
OF 1 VOLT AND 2 VOLTS OR 
EQUIVALENT RANGES. 


BATTERY CIRCUIT - 
FINE CONTROL 
OARSE CONTROL 


GALVANIC 

- 
ANODES 


LEADS LONG ENOUGH TO EXTEND 
1 FT ABOVE CURB BOX. CONNECT 
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SHUNT (SEE DETAIL) 


Figure Holloway shunt. 
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Figure contact using pipe locator. Note: pipe locator transmitter may connected between 
gas pipe and water or gas pipe and anode lead. 


the two mains are parallel—maybe only 
few feet apart—with laterals from 
‘either main extending over the other 
right angles. Assuming that one the 
laterals contact with both mains, 
both the gas main and the foreign line 
may carry tone. When this true, 
usually possible follow the tone 
the gas main point which 
drops off very noticeably. this point, 
may not possible locate the 
source contact, such lateral, due 
the close proximity the two mains. 
Normally, the pipe locator con- 
nected between the protected line and 
the contacting foreign line, this point 
contact may rather sharply defined 
even though the contacting line itself 
may not indicated. usually de- 
sirable carefully locate the lateral 


lines this case order definitely 
determine the contacting point. 

Figure shows satisfactory method 
locating the lateral lines service 
lines extending from main. 
case, the pipe locator receiver carried 
such manner that the plane the 
receiver antenna perpendicular the 
main and parallel the lines force 
generated the tone current the 
main. Any lateral line carrying ap- 
preciable amount tone will readily 
indicated when the receiver held this 
manner moved parallel the main. 
the lateral contact with for- 
eign line due uninsulated meter 
underground contact, would 
readily indicated unduly large 
amount tone being carried this 
lateral. contact exists very close 
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Figure 9—Method of testing piping running at an angle to the main. 
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along main from point of service 


connection.) 
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Figure 10—Locating contact drops. 


Vol. 


the gas main, little tone will ex- 
pected although sufficient tone should 
present locate the lateral. 


Interrupted Current Method 


Occasionally contact will exist that 
defies positive location means the 
pipe locator. These contacts usually 
exist busy intersections other 
areas which very difficult un- 
cover the mains the vicinity find 
the contact. method locating con- 
tacts this nature indicated 
Figure 10. This considered rather 
scientific approach that rather 
difficult and requires very careful 
measurements. Considerable time may 
needed actually conduct this test. 
The test conducted the following 
manner: interrupted current 
duced the gas main point remote 
from the suspected point contact. 
This imterrupted current used that 
may readily identified prevent 
confusion with galvanic currents that 
may present. The discussion when 
referred current will the inter- 
rupted current distinguished from 
the galvanic currents that may 
the line. 

Reference may made Figure 10, 
for identification the symbols and 
number reference used the following 
discussion. First, voltage drop 
obtained the current source side 
the contact. This measurement re- 
feet. similar measurement made 
the other side the contact. This 
ured across distance feet. The 
voltage drop between contacts 
test spans and measured 
(ie., between test points and 3). The 
drop voltage per foot calcu- 
lated for section and section The 
current section plus the current 
that flowing off being collected 
from the contact. This total current 
would flow from the contact test 
point that is, distance From 
simple ratio, this distance may 
determined calculations. The distance 
times plus the distance times 
would equal voltage the volt- 
age measured between test points and 
This simplifies the ratio 


The distances indicated 


and may readily calculated, and 
both distances should calculated 
use check each other. 

From experience, this method 
locating contacts congested areas has 
proven very effective times, but 
must pointed out that potentials 
across each test section are not very 
carefully measured, erroneous results 
may obtained. The most successful 
method locating contacts this 
means has been using very low 
resistance, low current millivoltmeter 
and relatively short lengths pipe such 
may uncovered normal bell 
hole. 

Figure shows the circuit normally 
used for measuring potentials across 
short lengths pipe. will noted, 
correction made for the lead wires 
and contact resistance carefully 
checked, word caution—if contacts 
are made the pipe means 
thermit welds, absolutely necessary 
that the welds allowed cool before 
making potential measurements because 
the thermal potential Cadweld 
joint may exceed the drop over 
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Alternate means of contacting gas main: 
(1) Permanently installed test wire. 
(2) Probe rod with hardened and sharpened tip. 


- + 


internal instrument resistance External test lead 


f } + 
f or range used [ tanc 
Correction gactor resistance 


Internal instrument resistance for range used 


Figure making drop measurements. 


Figure 12—Method locating contacts drop water mains. 


ENERGIZING METHOD Measure (voltage) drop per foot 
and produced interrupted current applied method Contact will 
indicated smaller drop per foot and than 

ENERGIZING METHOD Determine direction current flow water mains 
lines produced interrupted voltage applied method 
Contact will indicated section current section flowing opposite 
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Figure 14—Locating defective flange insulation the pipe locator method 
(small pipe). 
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Figure 15—Locating defective flange insulation the pipe locator method 
(large pipe.) 
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Figure 13—Locating defective meter insulating fitting 


short length pipe many times, 
making the calculation appear ridicu- 
lous. 


make four contacts with main. such 
cases, assuming that contacts with 
the main are readily available, differ- 
ent approach may made. placing 
interrupted current the protected 
gas main either between the main and 
ground, such anodes, between the 
main and the suspected water line, 

may possible follow the current 
the water main itself determine 


ELECTRICAL CONNECTION BE- 


WATER SERVICE 


Figure 16—Method checking insulating fittings measuring insulation 
resistance, 
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Figure 17—Method checking insulating fittings using compass. 


the point which the current flow 
the water main reverses (i.e., the point 
where tends leave the water main 
and collect the gas main). This 
illustrated Figure 12. The current 
current indication the water main 
may found observing potentials 
between adjacent water services. this 
case, the actual scalar values poten- 
tial measurements have little meaning 
most water mains have mechanical 
lead joints some type, and the 


observed currents may the currents 
flowing the overhead power neutral. 
The only indication that believed 
have any significance the indicated 
direction current flow. following 
the water main from service service 
and observing indicated direction cur- 
rent flow, usually found that after 
the point contact has been passed the 
induced current has reversed and 
flowing the opposite direction. 
course, care must taken give the 
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Figure 18—Locating open dresser couplings pipe-to-soil method. 
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Figure open dresser couplings pipe locator method. 
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Figure 20—Locating open dresser couplin 


the drop method. The voltage drop measured across the 


section in which the dresser is located will be greater than voltage drop across any section of equal length. 


proper consideration laterals other 
conductors that may affect the indicated 
current flow the main. might 
imagined, this method scientific 
standpoint rather doubtful value. 
But actual experience has indicated 
very rapid method locating 
the general area the stubborn con- 
tacts. Once the general area located 
this method, the suspected points 
contact may readily located using 
pipe locators either search for point 
which the tone leaving the gas 
main locate the piping the sus- 
pected area and from 
locations determine the possible points 
contact. 


Testing Insulated Fittings—Pipe 
Locator Method 
Both insulating and non-insulating fit- 
tings may tested for effectiveness 
with contact type pipe locator. For 
instance, Figure shows very easily 
applied and very useful test for deter- 


510t 


mining the effectiveness insulating 
fittings. This test conducted con- 
necting the pipe locator transmitter 
directly across the insulating fittings 
and checking for tone leaving the area. 
the fitting non-insulating, the pipe 
locator transmitter will shorted out 
and tone will found leaving the 
area, the insulation effective, the 
tone will found leaving the 
both the gas pipe and water pipe. This 
test recommended primarily for small 
diameter pipe and above-ground fittings. 

Underground flanges may checked, 
using the pipe locator illustrated 
Figures and 15. the case Fig- 
ure 14, this test may valid only 
small diameter pipe. Large flanges may 
have sufficient capacity between flange 
faces permit transmittal pipe loca- 
tor tone with little attenuation. 
this case, the tone may going 
through the insulating flange through 
the capacitive coupling rather than 
through coupling. Figure 15, 


Vol. 


the pipe locator transmitter 
directly across the flange tested, 
and the same result should attained 
previously indicated the small above 
ground insulating fittings. this case 
low resistance, little tone will 
found leaving the connecting pip: 
and reliable test for insulating 
mains the size normally used 
distribution systems, 


Measuring Insulation Resistance 


Insulating flanges may checked 
the ammeter, voltmeter method, 
dicated Figure 16. this test, 
known current applied across the ex- 
posed insulating fitting. The voltage 
drop across this fitting also measured. 
the pipe one side the flange and 
the current flow the pipe calcu- 
lated. The actual current flow through 
the insulated fitting, assuming cur- 
rent flow the pipe from other sources, 
would the difference between the 
battery current and current produced 
the pipe this battery current. The 
resistance the insulating fitting may 
calculated from Ohm’s law. The 
major difficulty applying this test 
the fact that requires relatively 
large bell hole since the drop the 
pipe leaving the flange should meas- 
ured along length pipe not con- 
tact with the soil. also may require 
very sensitive meters when the current 
applied small the pipe diameter 
large. However, very easily con- 
ducted small diameter pipe when 
relatively large amount current 
available for application across the 
flange. 


Underground insulating fittings may 
checked the bridge method with- 
out resorting large bell While 
this method gives theoretically correct 
results, considered rather difficult 
perform and not included this 
discussion. 


Compass Method 


Figure illustrates very simple 
method checking insulating flanges. 
This circuit used one the com- 
mercially available flange test sets. The 
principle operation that apply- 
ing current across the exposed insu- 
lating flange, and means com- 
pass observing the indication current 
flowing the section pipe between 
the point application and the insulat- 
ing flange. The compass may 
brated applying the current across 
the pipe section itself indicated 
connection step see Figure 17, 
and then across the insulating fitting 
indicated step the deflection 
the same both cases, can as- 
sumed that the flange shorted out for 
all practical purposes. The advantage 
this test that very simple equipment 
used and the results are reasonably 
reliable. The use the ammeter and 
variable resistance, indicated the 
drawing, optional, being simply 
matter refinement personal choice. 
One word caution—when using this 
type test, necessary that the 
connecting lead wire well away from 
the pipe order eliminate any in- 
fluence may have the compass. 


Locating Open Couplings 
Another very common source dif- 
ficulty city distribution system 
open couplings. They are particularly 
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RECTIFIER SET AT MAXimum OUT- 
(tm CASE OF GaLvaNic 
ANODE INSTALLATIONS, USE 
6-VOLT STORAGE BATTERY IN 
SERIES WITH ANODES TO IN. 
CREASE CURRENT OUTPUT). 


~ 
“EXPLORING” COPPER SULPHATE 
(SEE BELOW) 


MOTOR OPERATED CuR- 
RENT INTERRUPTER 


GROUND BED 
ANODES 


PLOTTED TEST RESULTS 
(NOT TO SCALE) 


CHANGE IN VOLT- 
METER READING 


annoying since there known short- 
cut for determining their existence 
location. Normally, open couplings are 
indicated when the potential high 
one area the protected section and 
low another. Figures 18, 19, and 
indicate the normal test procedures used 
for locating open couplings. 

The test illustrated Figure 
the most direct insofar only 
matter probing the pipe and making 
potential measurements, either pipe-to- 
soil pipe-to-water the case may 
be, along the pipe. The point poten- 
tial drop would the location the 
open coupling. The test very reliable 
the case high resistance couplings 
when there appreciable potential 
drop across them caused normal ca- 
thodic protection test current. 
believed that this test self-explanatory 
and commonly used. 


The test illustrated Figure 
doubtful value that the pipe locator 
tone may may not decrease sharply 
the coupling due spread the 
soil. The method conducting this test 
induce pipe locator tone one 
section the pipe and follow the 
tone along the pipe. coupling 
wide open, little tone expected 
through it. How ever, this may not 
entirely true the case large 
diameter coupling having considerable 
capacity the case some soil con- 
ditions which the current may by- 
pass the coupling. general, this test 
recommended only for indication 
that open coupling exists and not 
recommended means determin- 
ing its exact may used 
quite successfully preliminary test 
and followed the test Fig- 
ure 18. 

Figure illustrates perhaps more 
positive method locating couplings. 
This done placing artificial cur- 
rent length pipe line. Two bars 
are used contact the pipe, and the 


drop along the pipe measured. Indi- 
cation the coupling between the two 
exploring bars would higher than 
normal drop between these bars. 
This method may used successfully 
for locating even low resistance cou- 
plings, and care taken the indica- 
tion very reliable. The thing watch 
for this test sure that good 
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Figure 21—Locating broken anode lead wires. 
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"FIMED” COPPER SULPHATE 
ELECTRODE LOCATED A MINIMUM 
TO ONE SIDE OF THE 


RECORD FFERENCE 


COATING FAULT 


bar contact obtained and that the 
meter connected only when the bars 
are firm contact with the pipe; other- 
wise, there may volt more im- 
pressed two ten millivolt scale. 


comparison with the previous 
methods, this test has the advantage 
that sufficient current can introduced 
the pipe give relatively large 
reading across very low resistant cou- 
plings. disadvantage the fact that 
four contacts must made with the 
pipe (two for current carrying probes 
and two for the potential exploring 
probes). 


Locating Broken Anode Leads 


Quite frequently, due the activities 
other underground operators the 
city distribution system, lead wires are 
cut broken between anodes. broken 
lead wire between the pipe and the first 
anode quite obvious and normally 
tests are made, but reference made 
the installation drawing locate the 
first anode order run new lead. 
Broken leads may suspected when 
the anode current output low. 


The simplest way check anode 
leads locate breaks between anodes 
measure the soil potentials over 
the anode remote electrode illus- 
trated Figure 21. Active anodes are 
indicated high negative potential 
points remote electrode the case 
galvanic anodes, high positive 
potential points the case impressed 
current anodes. This potential may 
the order volt more com- 
pared potentials between the anodes, 
and rule very clearly defined. 
The active anodes can readily staked 
out and, course, the break would 
between the last high potential point 
and the following anode that gives 
indication. Many times the break in- 
volves some bare wire, the actual end 
the wire may located carefully 
observing the potential along the sur- 
face the earth. Anyone who has not 
run this type test may quite sur- 
prised the actual potential existing 
the surface the earth over the 
anode location. 


The same test may applicable 
locating distribution anodes and deter- 
mining the relative current output. The 
value the anode current output may 


Figure 22—Equipotential lines from coating fault. 


SETWEEN FIXEO 


AND EXPLORING 
ELECTROOE 


roughly estimated from the earth’s 
potential swing the case uniform 


Locating Coating Holidays—DC Method 


Coating holidays may considered 
contact the case high resist- 
ance coating. One method locating 
these contacts the use the 
“Pearson” type locator. Experience 
city distribution systems has shown that 
high noise levels many cases 
have obscured the relatively small tone 
which indicated coating faults. 

second method quite similar the 
method, except that cur- 
rent used, may more successful 
the city distribution system. The theory 
this test indicated Figure 22. 
this test, interrupted current 
impressed the line inspected. 
Potential gradients are measured over 
the surface the earth using two 
electrodes. One electrode located 
convenient point over the pipe and 
the second electrode advanced along 
the pipe, observing the potential swings 
indicated Figure 23. The normal 
procedure hold one plug station- 
ary and move the other along the pipe 
making measurements approximately 
feet intervals until region poten- 
tial swing caused the interrupted 
current found. The exploring plug 
then moved along shorter intervals 
until the point maximum potential 
swing located, uniform soil the 
actual size the coating flaw may 
estimated relative potential 
swing. not necessary place the 
stationary reference plug over the pipe. 
may located any area mini- 
mum potential swing. Usually the refer- 
ence plug placed the area which 
have been explored and found con- 
tain appreciable potential swing. 

One thing watch closely foreign 
lines that may carrying interrupted 
currents. Normally the potential swing 
these lines will opposite polar- 
ity that the pipe being inspected. 
This method very fast and can 
conducted even areas relatively 
large earth currents, since the explor- 
ing current interrupted known in- 
tervals and can readily identified, 
even though relatively small por- 
tion the total earth current. 
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Conclusions 

The tests indicated this discussion 
are believed practical approaches 
the problem locating contacts, 
open couplings, insulating couplings, and 
coating holidays pipe sizes normally 
encountered city distribution sys- 
tem. The tests are equally applicable 
pipe lines but may, many cases, 
relatively slow when used long pipe 
line. However, once area sus- 
pected trouble located, the previously 


indicated tests would applicable 
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Figure 23—Locating coating faults method. 


long pipe line and could used 
advantage many locations. 


DISCUSSION 

Comments Daniel Werner, Amer- 

ican Telephone and Telegraph Com- 

pany, Kansas City, Missouri: 

The use the surface potential 
method measurement was mentioned 
the paper locate anodes discharg- 
ing current into the earth. the current 
the anodes broken periodically 
interrupter and the surface potential 
gradient readings taken with the current 


MINIMUM AT WATER 
MAIN CROSSING 


PIN HOLE 


and off, analysis the difference 
the two readings will show many 
things. The disturbance the earth 
gradient under the control the in- 
vestigator and this method will found 
useful locating anodes, opens insu- 
lated wires buried the earth (the open 
end the wire must contact with 
the earth), holidays coatings, changes 
coating quality extending over large 
small lengths pipe, location 
insulating joints, location high re- 
sistance joints, contacts with other 
structures, etc. 


Any discussions this article not published above 


will appear the June, 1959 issue 
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Observations the Resistance 
Natural Timbers Marine Wood Borers 


Contribution the Work Group Committee T-9 
Marine Biological Deterioration,* Edmondson** 


Introduction 


HERE marked difference 

the degree resistance natural 
woody plants the action marine 
borers. Many woods are rapidly de- 
stroyed sea water ravages mol- 
luscan and crustacean invaders, whereas 
others have varying degrees immu- 
nity from these attacks. 


The recognition that some natural 
woods have greater durability sea 
water than others extends far back into 
history. There evidence that the an- 
cient Romans exercised great care 
selecting for shipbuilding purposes, tim- 
bers which had reputation for quali- 
ties endurance when subjected 
marine borer attacks. 

was not, however, until the twen- 
tieth century that the probable factors 
wood responsible for its durability 
sea water began receive serious con- 
sideration. The exceptional qualities 
the Demerara greenheart (Ocotea 
under marine conditions, were known 
Europe long before its good points 
were recognized American marine 
engineers. But course time, trials 
this timber the Americas gained 
for added reputation for usefulness 
maritime construction and increased 
its popularity for such purposes. also 
became known timber containing 
toxic substances (alkaloids) its tis- 
sues such potency destroy ma- 
rine wood borers which attempted 
infest it. was the unexpected failure 
this timber some the locks dur- 
ing the construction the Panama 
Canal, and the substitution for 
another South American timber known 
“manbarklak” (Eschweilera longipes) 
that opened new field specula- 
tion. those particular situations where 
greenheart had failed, manbarklak pre- 
sented marked resistance marine bor- 
ers. the disclosure van 
that this durable timber contained sili- 
ceous inclusions its tissues instead 
alkaloids, the opinion that silica might 


*C. M. Wakeman, chairman, 
** Bishop Museum, Honolulu, Hawail. 


Abstract 


The question why certain timbers have 
resistance marine borer attack con- 
sidered from the standpoint the nature 
of the attack- repelling property. The 
“toxic theory and 
content” hypothesis are examined 
great length. The role of tannin as a 
briefly. The degree of damage occurring 
to borers’ teeth was thought to be of 
significance studying the mechanism 
of corrosion resistance. Also of impor- 
tance was a comparison of morphological 
variations found in shells recovered from 
poisonous woods with those found in 
siliceous woods. 6.6.11 


important deterrent borer at- 
tack received powerful stimulus. 

Gonggrijp also had observed that 
some siliceous timbers resisted Teredo 
and renewed his investigations sup- 
port the silica hypothesis. the ac- 
count and conclusions his work, 
records that among 814 tim- 
bers examined 181 contained silica 
varying amounts. convinced was this 
investigator the efficiency silica 
sufficient amount, plus compactness 
tissue the wood, that was led 
declare that this combination “produces 
much better protection against Teredo 
than all other known protective agen- 
cies for timber.” reported van 
the silica hypothesis was based 
upon the belief that the hard siliceous 
granules the wood gradually wore 
away the delicate teeth the cutting 
areas the shell the shipworm until 
point was reached when the boring 
organism could longer operate. This 
inference was supported the observa- 
tion that the teeth saws were rapidly 
dulled the processing highly sili- 
ceous timbers. 


Even before the investigations 
Gonggrijp attention had been called 
the presence silica forest timbers. 
Within the past years several lists 
woods considerable size have ap- 
peared the object which has been 
contribute information 
ceous species. 1942 listed 
over 700 African timbers, about per- 
cent which contained silica varying 
amounts. 1946 analyzed about 
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Figure 1—Valve typical Teredo. 


150 timbers from Africa, South America 
and Asia. these species were rich 
silica. very comprehensive report 
Amos and appeared 
1949 which listed 374 siliceous timbers 
from various sources. 


Toxic Substances Theory 

The two outstanding views natural 
wood protection against marine borers 
persisting the present time may 
considered (1) The toxic view, and 
(2) The siliceous view. The toxic view 
postulates that the wood 
sonous elements such potency that 
the borer larva may destroyed 
Defensive properties even 
toxic wood may vary greatly. Allowance 
must made for differences 
ence among borers 
species, for possible unequal distribu- 
tion the toxic elements, and for nu- 
merous factors environment. Definite 
toxic substances have been determined 
some timbers. Alkaloids certain 
woods and more often barks play 
role defense which can hardly 
disputed when supported experimen- 
tal work and longstanding observation. 

The Demerara greenheart 
recognized alkaloid content has long 
record usefulness sea water and 
also, occasional record failure, Its 
failures are usually attributed 
vironments low salinity where 
open attack those shipworms 
which are restricted brackish water 
situations. This appears the reason 
for its behavior the Panama Canal. 
This also was confirmed 
3risbane, Australia, where low salin- 
ity areas greenheart was riddled 
months, whereas localities near- 
ocean salinity the timber showed only 
minor surface damage over period 
several years. 

During operations Har- 
varied somewhat reaction marine 
borers. Attacks shipworms, however, 
were never more than light moderate, 
with maximum penetration about 
mm, the greatest damage resulting 
tion the harbor the water ranged 
slightly under ocean salinity. Here 
Indonesian timber with recognized alka- 
loid contents, 
proved much less susceptible 
all forms marine borers than did 
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Figure 2—Shell recovered from Demerara greenheart. 


Demerara greenheart. Repeated tests 
lignumvitae officinale) gave 
results ranging from apparent immunity 
low resistance Teredo over periods 
exceeding one year. Samples analyzed 
rated fairly heavy with alkaloids. Doubt- 
less the varying response reflected dif- 
ferences quantity toxic elements 
the wood. suspected that the 
shown the barks such trees the 
Chinese the Araucarias and the 
Cinchona due the alkaloids which 
analyses indicate they possess. 

But alkaloids are not the only poten- 
tial poisonous elements which appear 
have deterrent effect upon marine bor- 
ers. The cypress pine Australia, Cal- 
litris glauca, remarkable lasting 
qualities sea water, only very few 
shipworms being capable becoming 
established its tissues over 
years. apparently equally repug- 
nant Dadswell and Dads- 
well’ attributed the general durability 
the wood volatile acid (calli- 
tris acid) held situ resinous mate- 
rial. reports the volatile acid 
protective against termites and 
liquid acid present destructive 
certain fungi. There little doubt 
that the acid combination this timber 
potent enough offer considerable 
resistance against marine borers well 
destructive agents air and soil. 

Some the most powerful poisons 
nature are distributed among shrubs 
and trees, Some these apparently re- 
tain their toxic properties for some time 
after submergence sea water. Under 
such conditions others quickly lose 
poisonous character and rapidly deteri- 
orate reason marine borer attacks. 
this latter category shrub, Ne- 
rium oleander, and small tree, Theve- 
tia both which grow lux- 
uriantly Hawaii and both which 
are highly poisonous their entirety 
(leaves, fruit, bark and woody tissue). The 
toxic properties respectively known 
oleandrin and thevetin apparently are 
glucosides, digitalis-like principle and 
rapidly dissipated the leeching action 
sea water. Seasoned blocks both 
species respond contact with marine 
borers non-toxic, non-resistant woods. 
The bark slightly more resistant than 
the wood, and green sections are less 
susceptible than seasoned ones. Moder- 
ate heavy attacks shipworms 
occur within period three months. 


Figure 3—Shell recovered from Syncarpia 
(Australian growth). 


These features are characteristic 
non-resistant wood. 


Apparently satisfy toxic hypothe- 
sis wood protection sea water the 
poisonous elements present must suf- 
ficiently potent and lasting character, 
which specifications will always tem- 
pered factors environment. The 
known forest timbers which meet these 
ew. 


Silica Content Theory 


explain the resistance other 
woods which toxic elements were 
detected the silica hypothesis was devel- 
Imposing lists timbers stressing 
the silica content species have been 
useful starting points for further investi- 
gations. this theory gained ground 
the amount silica deposited the 
wood naturally became important 
consideration. Dutch investigators con- 
cluded silica content 0.50 percent 
estimated minimum amount for 
appreciable protection timber 
against marine borers, 


soon became evident, however, that 
was not enough know that cer- 
tain timber possessed silica content 
0.50 percent more. There was 
assurance that wood possessing silica, 
even considerable amounts, would 
stand well against attacks marine 
borers. Gonggrijp was well aware 
this when stipulated degree com- 
pactness tissue the wood addi- 
tion the presence silica order 
ensure protection. notable example 
high silica content and low resistance 
occurred Hawaiian waters. The East 
Indian species Antidesma bunius 
grown sparingly Hawaii. Chemical 
analysis the wood gave the following 
results: silica, 1.42 percent; me- 
dium; alkaloids, none. The amount 
silica present was well above the mini- 
mum suggested for protection, but re- 
peated tests indicated very low resist- 
ance against marine borers, The density 
this wood, compared with that 
other species the genus rich silica 
and high resistance, was obviously 
low degree. However, hardness, density 
compactness, themselves cannot 
depended upon for protection against 
marine borers. Some the hardest 
woods known are destroyed 
sea water. For prolonged 
something extra essential and, 
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Figure recovered from Eschweilera 
sagotiana. 


many instances, this appears silica 
appreciable amounts. 


means have all timbers rating 
high silica been tested for their dura- 
bility sea water. Faith the silica 
hypothesis, however, sustained 
considerable number siliceous woods, 
some them with additional qualifica- 
tions rendering them potential ac- 
tual commercial value. Others have not 
entered the commercial lists because 
scarcity, inaccessibility, manner 
growth, cost procuring processing, 
etc. few such timbers outstanding for 
their resistance marine borers are 
follows: Dicorynia paraensis, silica 2.92 
percent; Syncarpia silica 1.24 
percent; Metrosideros petiolata vera, 
silica 0.89 percent; Licania macrophylla, 
pommerania, silica 2.56 percent; Esch- 
wetlera longipes, silica 2.43 percent; An- 
The barks some timbers also are 
noted for rich silica deposits and re- 
markable resistance marine borers. 
Ficus indica the wood, with only trace 


silica, offers defense against 


worms but its bark, with silica con- 
tent 2.30 percent, rates high dura- 
bility sea water. 


Presence Tannins 


However, matter how much de- 
pendence placed known toxic ele- 
ments certain woods the high 
silica content others, these factors 
not cover the entire field wood pro- 
tection sea water. Some woods and 
barks trees indicate their analyses 
only trace silica and alkaloids 
all, yet they present marked resist- 
ance marine borers. this connec- 
tion mention may made the wood 
parviflora, the barks the 
the false olive, orientale; 
the mangrove, Rhizophora mangle; 
and cork. these medium heavy 
amounts tannins occur. not ad- 
visable, however, place tannins high 
the list protective agents against 
marine borers there are too many 
conflicting results. Many other barks 
and woods also present only heavy tan- 
nins but offer appreciable resistance 
marine borers. 

chemist the Yard Testing Labora- 
tory, Pearl Harbor, where most the 
analyses this paper were 
made, has this say: “The presence 


Figure 5—Shell recovered from Antidesma 
pulvinatum. 


absence tannins alone does not 
afford any positive indication the 
resistance the sample [of wood] 
since many samples high tannins are 
non-resistant and vice versa. some 
cases, however, such Vitex parviflora, 
resistance cannot attributed silica 
alkaloid content and may due 
the high tannin content. The unpredict- 
able results the presence tannins 
possibly due the variation toxic- 
ity specific tannins and also their 
varying solubilities sea water.” The 
chemist also suggests that combina- 
tion factors may some instances 
contribute the resistance some 
woods. combination undeter- 
mined factors may not impossible, 
The list characteristic substances 
barks and woods recorded Record 
and suggestive numerous 
possible combinations which 
repugnant the marine borer. can 
only said the present time that the 
consideration factors responsible for 
resistance marine borers many 
woods has not advanced beyond the 
point speculation. 


Damage Borers’ Teeth 


Reverting the silica hypothesis 
wood protection sea water, may 
said that the few criticisms that 
have appeared are not objections the 
role that silica appears play check- 
ing the actions the borers but ques- 
tions relative the mechanism re- 
sistance. previously mentioned, the 
abrasion process, the wearing away 
the teeth the shell the ship- 
worm, was prime consideration the 
silica hypothesis. Van was 
champion this mechanical mode 
resistance and has been generally ac- 
cepted without much thought evi- 
dence support it. 

pointed out that the teeth 
the shell Teredo are very brittle and 
are much more prone broken than 
teeth frequently occur, 
result contact with unusually hard 
areas wood.This observer concluded, 
however, that action the borer 
ordinary pine fir should not result 
any appreciable wearing down the 
teeth the shell. reference silica 
was made Miller but his observations 
might well imply that the teeth the 
shell Teredo boring highly siliceous 
woods are more likely broken off 
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Figure 6—Stenomorphic shell (remnant of posterior 
adductor muscle). 


than worn away. either case the 
silica hypothesis resistance me- 
chanical means would satisfied. 

Amos and without doubt- 
ing the deterrent efficiency silica, 
raised question the validity 
the abrasion process. These investiga- 
tors suggested that since the silica in- 
clusions were deposited the wood 
under mild conditions temperature 
and acidity they were not likely 
such hardness destroy the 
teeth the shell the shipworm. 
Furthermore, was pointed out that 
the silica granules were soluble very 
dilute alkali percent sodium carbon- 
ate) and, since they are held the 
digestive tract for some time, consider- 
able amounts may dissolve mild 
alkaline conditions resulting serious 
metabolic effects upon the organism. 

These suggestions Amos and Dads- 
well appear worthy further 
biochemical consideration. 


Morphological Variations Shells 


recognized that although nat- 
ural woods may rate high protective 
factors they: are seldom completely im- 
mune marine borers. few hardy 
shipworms may occasionally become 
established and make 
even timbers great reputed resist- 
ance. valve typical Teredo 
shown Figure 

examining the shells Teredo 
occasionally lodged highly protected 
woods the author’s attention was soon 
directed toward the morphological 
variations which invariably occurred 
shells recovered from siliceous timbers 
compared with those from poisonous 
woods. Shells recovered from woods 
heavy with alkaloids determined 
acids, the Demerara greenheart and 
the cypress pine, were perfectly normal. 
The teredinids apparently perished with- 
out any mechanical obstructions which 
leave impact upon the shell. lethal 
poison applied internally would probably 
accomplish this (see Figure 2). 

the other hand, shells Teredo 
from woods high silica content, al- 
most without exception, were seen 
have assumed stenomorphic characters 
—somewhat deformed, thickened shells, 
greatly enlarged cutting areas and re- 
duced completely eliminated auricles. 
Specimens shells recovered from 
(Australia grown), 
from Eschweilera sagotiana, from Anti- 
desma pulvinatum and others rating high 
silica were typically stenomorphic 
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(see Figures 5.) should stated, 
however, that although stenomorphs 
appear with great regularity highly 
siliceous timbers, they sometimes occur 
under other conditions. 

duced into the literature shipworms 
Bartsch” 1923. This term, ac- 
cording its author, covered stunted 
forms shipworms brought about 
crowded conditions, and might well 
applied other groups organisms 
presenting corresponding abnormal fea- 
tures. 1925 concluded that 
stenomorphs were not caused crowded 
conditions they were often found 
large pieces wood, and 
worms blocked from advancing, for any 
reason, may add cutting ridges the 
shell although there further op- 
portunity for activity. 

The writer’s observations support, 
part, the views both Bartsch and 
Clapp the probable cause causes 
the formation stenomorphs. There 
little doubt that, times, overcrowd- 
ing may responsible for the abnormal 
forms assumed shells shipworms. 
However, the writer frequently has 
recovered such shells from large sec- 
tions wood where condition 
crowding could not possibly have been 
factor. More likely some character 
the wood itself that discourages the 
progress the shipworm. ap- 
parent attempt overcome difficult 
situation increase the number 
cutting ridges the shell takes place, 
often the extent that nearly the en- 
tire external surface the 
come close set with rows denticles and, 
the same time the auricular portion 
the shell eliminated. The disappear- 
gressive process. specimens Teredo 
penetrating Antidesma pulvinatum 
depth the reduction the 
auricle may about percent; the 
time specimens reach depth 


the elimination the auricle com- 
plete. 

the living shipworm the auricle 
the shell the seat the posterior 
adductor muscle. has shown 
this adductor muscle occupies almost 
the entire inner surface the auri- 
cle and, cross section, may 
much times that the anterior 
adductor muscle. The powerful posterior 
adductor muscle responsible for the 
outward movement the anterior border 
the valves the shell during the 
cutting process; this action consisting 
lateral rocking movement the 
valves with the alternate contraction and 
relaxation the anterior 
adductor muscles. can assumed that 
with the gradual disappearance the 
auricle there corresponding reduction 
the posterior adductor muscle, until 
point reached when normal movements 
the shell are longer possible. the 
progressive expansion the anterior por- 
tion the shell where the cutting 
function performed, the expense 
the thin, posterior area, the auricle. 
Whether resorption process actually 
taking place, resulting redistribution 
material from one part the shell 
another, unknown. However, there 
seems very definite correlation 
between gain and loss different por- 
tions the stenomorphic shell. ex- 
amination the inner surface the 
valve stenomorph soon after the 
organism perished indicates the rem- 
nants the posterior adductor muscle 
still attached vestige the auricle 
(see Figure 6.) 

Careful studies the denticular sur- 
faces valves shipworms recovered 
timbers have convinced 
the writer that the abrasion view the 
silica hypothesis needs 
mation. has been unable detect 
the degree wear and destruction 


denticles the shells 
which apparently should 
satisfy the supporters that view. 
suggestion here offered relative the 
shipworm’s contact with severe condi 
tions not adverse the silica hypothesi 
but presents another aspect the pos 
sible direct effect certain protectiv 
factors natural timbers upon the 
rine borer. 
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Laboratory and Field Methods for Quantitative Study 
Sulfide Corrosion 


Introduction 


SINGLE cracking-type failure 
sour gas well could prove very 
both from economic stand- 
and terms safety person- 
This was recognized early this 
nvestigation sulfide corrosion crack- 
ng, and made early solution the 
imperative. However, there 
were large number metallurgical 
ind environmental variables 
studied. became apparent that many 
individual tests would needed and 
that simple but quantitative test meth- 
ods were needed for use both the 
laboratory and the field. 

The need for quantitative methods 
should emphasized. Early qualitative 
laboratory tests for sulfide corrosion 
cracking had 
variability the data. some tests, 
time failure replicate specimens 
was found others, the 
number specimens which failed 
given test period was found vari- 
Similar statistical fluctuations are 
apparent stress corrosion cracking 
tests used others.* 

The apparatus and test procedures de- 
scribed this paper were developed 
result the need for more quantita- 
tive test methods. Although developed 
for specific application, there reason 
believe that these methods can 
applied many other stress corrosion 
problems. For purposes the present 
discussion, sulfide corrosion cracking 
can considered merely special 
case stress corrosion cracking. 


General Requirements for Stress 

Corrosion Cracking Test Method 

order obtain maximum use- 
ful information from stress corrosion 
cracking tests, the test method should 
meet the following general require- 
ments: 

The apparatus size and design 
should allow multiple testing done 
easily and low 

Method loading specimens 
should such that the load known, 
reproducible, and can varied over 
wide range. addition, desirable 
that the nature the applied stress 
(i.e., whether produced constant de- 
formation constant load) similar 
that found the practical system 
being investigated. 

The test environment should re- 
lated closely that found practice. 

The information derived from the 
test should quantitative that com- 
parison can made regarding the rela- 
tive resistance cracking various 
materials the relative severity vari- 


% Submitted for publication April 3, 1958. A 


paper presented at the Fourteenth Annual 
Conference, National Association of Corro- 
sion Engineers, San Francisco, California, 
March 17-21, 1958. 


ous environments, This inherently 
difficult problem with stress corrosion 
cracking because individual test spec- 
imen either fails does not fail. Fur- 
thermore, even qualitative tests, 
usually found that duplicate tests 
not yield the same results; some speci- 
mens may fail under conditions which 
nominally similar specimens not. 
This aspect the general problem will 
discussed some detail before pro- 
ceeding detailed description the 
test apparatus and procedures. 


The Problem Obtaining Quantitative 

Answer from Stress Corrosion Test 

two more alloys are susceptible 
stress corrosion cracking given 
environment, often important 
learn their relative susceptibilities. How- 
ever, this not simple task, because 
stress corrosion cracking basically 
“go no-go” phenomenon, that is, 
specimen will either fail cracking 
given test not. order rank 
different alloys, necessary either 
use some additional measure damage 
measure the variable time in- 
volved, vary and control some 
causative contributory factor. 

For specimens which have been ex- 
posed for given time but have not 
failed, additional measures damage 
could include loss strength the 
number cracks per unit area, How- 
ever, these measures damage have 
the same disadvantages failure itself. 
Most specimens show either damage 
all show cracking which would 
constitute failure practical sense. 

Time could measured either first 
both. has merit that, test condi- 
tions are reasonable reproduction 
field conditions, the absence failure 
long test period gives assurance 
that the test material could used 
safely. The main difficulty from test 
viewpoint lies the long time period 
required obtain answer. Since one 
concerned primarily with resistant 
materials, test periods the order 
months years may required. 
addition the obvious delay obtain- 
ing answers such tests, the large 
quantity apparatus involved and the 
space required house it, there the 
experimental difficulty laboratory 
tests maintaining constant environ- 
mental conditions for long time periods. 

Causative contributory factors that 
can varied include temperature, en- 
vironmental composition, and stress. The 
effect temperature can analyzed 
terms activation energy for crack 
initiation for crack propagation, de- 
pending which measured. This 
very useful technique has been de- 
scribed and demonstrated Hoar and 
would easily applicable the pres- 


Abstract 


Quantitative procedures for sulfide cor- 
rosion cracking tests, both in the labo- 
ratory and the field, have been de- 
veloped. The statistical 
probit analysis have been adapted for 
use with cracking test data 
make optimum use minimum num- 
ber of tests. 

Analysis of the data from laboratory 
tests yields a number which is called 
the critical strain, Se. This is the strain 
which the probability failure under 
the specific test conditions used is one- 
half. Very susceptible steels have low Se 
values whereas non-susceptible steels 
have high values. The critical strain 
function not only the alloy tested 
but also the test environment and 
acids (especially organic acids such as 
acetic) and ain dioxide. 

Using alloys of varying Se values, all 
tested at the same high strain, the rela- 
tive severity of any given test environ- 
ment (e.g., flow from a sour gas well) 
can be measured. Analysis of the data 
from field tests yields severity rating, 
Rs, which is the critical strain of an 
alloy which would be expected_to give 
50 percent failures in test. High Rs 
values are associated with severe test en- 
vironments and low values with mild 
environments. 

This general method may adaptable 
to other stress corrosion systems, and 
thus provide quantitative means 
expressing susceptibility to attack or 
severity environment. 23.7 


ent problem determining the relative 
susceptibility cracking various 
materials. The experimental techniques 
required are quite laborious, and the 
values obtained cannot translated 
directly numerical quantities inter- 
est field applications. 

The effect environmental composi- 
tion could expressed, for example, 
the required for cracking. However, 
difficult control composition 
within close limits for long test periods. 
study the effects environmental com- 
position, independent the ranking 
different alloys. 

The approach varying stress offers 
most possibility for providing 
quantitative answer practical signifi- 
cance within reasonable time period. 
For test periods finite length, 
reasonable believe that the threshold 
stress for stress corrosion cracking 
would vary among materials man- 
ner related their relative susceptibil- 
ity attack. The key point here the 
fixed time period, many investigators 
have agreed that real threshold stress 
does not exist for stress corrosion 
cracking; low stress levels the time 
failure merely becomes exceedingly 
long. From the experimental viewpoint, 
determination apparent short-term 
threshold stress difficult, because the 
statistics failure probability this ex- 
treme condition may necessitate great 
number tests. 

alternative determining thres- 
hold stress would determine the 
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stress (or strain) which the probability 
failure one-half. This the ap- 
proach used the method described 
this paper. This more simple ap- 
proach statistically and just useful 
for comparing the relative susceptibility 
the case measuring the “threshold 
stress” for cracking, this involves testing 


518t 


within definite time period; for practical 
reasons this should longer than sev- 
eral weeks. 


Critical Strain Concept 


indicated above, the present test 
method obtains quantitative answer 
determining the degree loading for 
specific alloy which the probability 
cracking failure with the test period 
one-half. The number obtained 
the “critical strain” and characteristic 
for the particular alloy tested. High values 
are associated with high resistance 
cracking, and vice-versa. 

The strain reported the maximum 
strain the outer fibers the beam 
specimens which were used and calcu- 
lated from the measured maximum de- 
flection means the simple beam 
lowance made for the stress raisers 
rather because the loading 
necessary produce failure such that 
the yield strength exceeded many 
instances. 

The problem determining the critical 
strain analogous that found toxi- 
cologists determining lethal dose. 
statistical technique used the toxicolo- 
gists called “probit has been 
adapted the analysis sulfide corro- 
sion cracking test data. The test procedure 
consists essentially exposing number 
specimens (usually about twelve) 
each several different strain levels, all 
the same environment. The test strains 
are chosen close possible the esti- 
mated critical strain obtain maxi- 
mum information from each the limited 
number test specimens. 
the critical strain measurement depends 
this choice strain and the number 
specimens tested. Using about 
specimens, the standard error the de- 
termined critical strain has been found 
particular test environment. 


Laboratory and Field Test Methods 


was found expedient laboratory 
tests compromise several the general 
test requirement set forth above. each 

case, the test variables were studied 
sufficient detail understand the effects 
the compromises made. The compro- 
mises made are follows: 


Loading. Oil well tubing service 
under constant load. However, constant 
deformation testing much 
use than constant load testing. 
tion, the apparatus can made much 
more rugged and compact. For these rea- 
sons, most tests have been 
constant deformation, although few have 
been made constant load. 


Test conditions. order obtain 
failures relatively resistant materials 
necessary increase the severity the 
test conditions. This can done in- 
creasing the severity the test environ- 
Here both approaches were used. The 
severity the hydrogen sulfide-water sys- 
tem was increased addition acetic 
acid, and the stress conditions were made 
severe incorporating stress raisers 
the specimens and, some instances, 
loading beyond the yield 
translate test results practice involves 
the assumption that the relative order 
resistance cracking various materials 
will not change one decreases the sever- 
ity the environment providing the es- 
sential corrosive nature not changed. 
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Experience date has indicated this 
assumption correct the case 
sulfide corrosion cracking. should 
noted that the severity the test might 
also increased changing the test 
temperature. This approach 
used stress corrosion cracking 
made others. 

The detailed procedures and 
tion apparatus used are given 
pendix 


Effect Test Variables 


With the development 
ing, has become possible 
quantitatively the effects test var- 
ables such stress raisers, surface fir 
ish, organic acids, and test 


Stress Raisers 

The effect stress raisers is, 
course, lower the apparent strain re- 
quired for failure. shown Table 
use two No. holes the trans- 
verse centerline (present standard spec- 
imen) divides the critical strain 
factor about 2.4, which approxi- 
mately the stress 
introduced the Stress raisers 
were originally used this investigation 
order introduce multiaxial loading, 
because the widely-held opinion that 
complex loading conditions favor stress 
corrosion However, appears 
from the data that the effects stress 
raisers are simply raise the local 
stress (strain). 

After yielding the metal starts, the 
effect the stress raiser holes becomes 
more difficult define inasmuch as: 
(1) the maximum outer fiber strain 
not known, and (2) the effect stress 
concentrators becomes progressively 
smaller with increasing 
possible that the effect the holes 
actually one total local strain, 
which case the stress raiser holes may 
continue have “stress concentra- 
tion” effect above the point initial 
yielding virtue increasing local 
strain, probably factor about 
twice that plane-surfaced specimen. 
any event, the stress raiser holes 
used are known lower appreciably 
the nominal outer fiber strain needed for 
failure the standard laboratory test. 


Surface Finish 

Surface finish can important 
test variable because the strains remain- 
ing the surface layers from the ma- 
chining operations the applied 
strain. For example, surface grinding 
machine introduced residual tensile 
strains the order 0.3 10° 
inch/inch, judging the fact that cracks 
appeared the compression side 
very susceptible alloy laboratory sul- 
fide corrosion cracking tests. the 
critical strain for cracking low, resid- 
tion the value. 


Addition acetic acid the solution 
lowers the value given steel 
shown Table The effect not 
one initial pH, because the critical 
strain for cracking lower acetic 
acid than hydrochloric acid the 
same initial (see Table 2). How- 
ever, the total available hydrogen ion 
from hydrochloric acid much less 
than that from acetic acid the same 
initial pH, since acetic acid weakly 
ionized. For this reason, the the 
hydrochloric acid solution probably rises 
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Loading Screw 


21/2" 


Glass Tubing 


Figure 1—Laboratory test holder. Top: phantom view 
of assembled holder and specimen; bottom: view of 
holder from bottom. 


more rapidly than the acetic solution 
corrosion proceeds, and this could ac- 
count for the difference behavior 
the two acids. second possible expla- 
nation for the difference behavior 
lies the physical character the scale 
formed, distilled water very dilute 
hydrochloric acid plus hydrogen sulfide, 
the corrosion scale soft and easily re- 
moved; acetic acid plus hydrogen sul- 
fide hard and adherent although 
apparently does not provide protection 
from corrosion. third possible expla- 
nation for the difference behavior 
that acetate ion may promote entry 
hydrogen into steel more effectively 
than does chloride ion. This explanation 
presumes that occluded hydrogen in- 
volved the mechanism sulfide cor- 
rosion 

Use mixture carbon dioxide 
and hydrogen sulfide instead hydro- 
gen sulfide the test atmosphere low- 
ers the value given steel 
shown Table with acetic acid, 


Glass Bead 


Specimen 


1/16" x 3/16" x 3" Specimen 


the lowering values may asso- 
ciated with factors other than pH. 


Time 

shown Figure about per- 
cent the specimens which fail test 
within the first three days. 
three-week exposure time has been 
adopted for routine laboratory testing, 
because 98.5 percent all specimens 
which fail this time. 


Constant Load 

One possible reason that failures 
occur after the first few days test 
that multitude very shallow cracks 
may form the tension side the 
specimen within few days, thereby re- 
lieving the applied stress. constant 
load testing were used rather than con- 
stant deflection, such 
would possible, and the time fail- 
ure would inversely related the 
strain, strains much below the crit- 
ical strain, the time failure would 
become very long. limited number 
tests have been made with N-80 steel 
having 3.3 which indicates that 
this true (see Table 3). One specimen 
this steel failed nominal applied 
strain 10° inch/inch. the 
standard laboratory test, failures 
would expected below applied 
strain 2.2 10° inch/inch (three 
standard deviations below Sc, see Table 5). 


Field Test Method 
mine the severity field environment 


LABORATORY AND FIELD FOR QUANTITATIVE STUDY SULFIDE CORROSION CRACKING 


Loading Screw 
Bead 

Specimen 


Support 
Centers 


Figure 2—Stress corrosion cracking field test holder. 


Holes for Set Screws 
of Clamping Device 
on Loading Jig 


Figure 3—Test hoider for use in small lines. 


Clamping Device for Positioning 
Specimen and Holder 


Spring- 
Loaded 
Set Screws 
Extension of Dial 
Gage Point 
Dial Gage 


Figure 4—Jig for measuring deflection specimen 
while loading. 


(e.g., gas well flow stream) relative 
other Also, inhibitor 
used prevent cracking, essen- 
tial have some method measuring 
its effectiveness. The relative severity 
given environment may charac- 
terized two ways: 

Determine the given alloy 
exposing specimens various loads 
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Figure 5—Test specimen. 


Alloy Reference No. 


Test 


= % 


Figure 6—Work sheet for use in computing Sc values by means of probit analysis. 


the unknown environment and com- 
pare the new value with the deter- 
mined the standard laboratory en- 
vironment (e.g., see Table 2). 

Expose alloys having different 
values, all the same nominal strain, 
order find that alloy which, when 
exposed given high strain, has 
percent failure probability the new 
environment. 

practice, the second method the 
easier. 

The procedure consists exposing 
wide variety alloys having different 
values the unknown environment 
the same strain level inch/inch). 
general, those alloys low will 
fail and those with high will not fail 
possible calculate the value that 
alloy which would have percent 
failure probability. The relative severity 
the environment then given 
the value this alloy. Detailed 
procedures for field testing and analysis 
test results are given Appendix 
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Typical flowline test data are shown 
high value indicates relatively se- 
vere environment, whereas low 
value indicates mild environment. The 
standard laboratory test environment 
(0.5 percent acetic acid saturated with 
room temperature) has 4.0, 
definition. 


Empirical Constants 

Calculation the critical strain 
alloy, Sc, the relative severity 
test environment, involves use 
empirical constant, This constant 
equivalent the standard deviation 
the test data. The constant used here 
the reciprocal that used toxicolo- 
gists who originally developed the sta- 
tistical technique probit analysis. 


shown Table the value 
the empirical constant used determine 
the critical strain varies slightly with 
the alloy being tested. presumed 
that the empirical constant used de- 
termine the relative severity test 
environment will vary similarly with the 
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environment. Fortunately, and 
values are relatively insensitive 
the empirical constant. For general 
purpose testing, the constant used 
calculate the critical strain can 
0.29 for all alloys, where the 
units. 

Insufficient data are available 
mit comparing values the 
deviation for different test 
From the limited field test data avai 
able, such that Table the ave 
age value the empirical constant 
standard deviation) about 0.78. 
assumed that this value will apply 
other environments. 


Effect Metallurgical Variables 


Development precise means 
measuring resistance cracking 
has permitted quantitative study 
influence metallurgical variables. Suc 
and Their paper discusse. 
the influence composition, 
properties, and heat treatment 
susceptibility low alloy steels 
fide corrosion cracking. general, high 
content are associated with low values. 
whereas high carbon content associ- 
ated with high values. High strength 
and hardness are associated with low 
values and high ductility with high 
values. The manufacturing process 
does not appear influence resistance 
cracking very strongly, but the criti- 
cal strain for cracking normalized 
molybdenum-bearing N-80 steels may 
raised markedly tempering for 
one-half hour about 1100 without 
excessive loss strength. 


Summary 


Test apparatus and procedures have 
been developed for studying sulfide cor- 
rosion cracking which may have general 
applications the broader field 
stress corrosion cracking. 


use the procedure given, 
quantitative means expressing the 
relative susceptibility cracking 
specific alloy specific environment 
may obtained. The characteristic 
number determined for specific alloy 
the “critical strain,” the strain 
which the probability failure under 
specified test conditions one-half. 
calculated the statistical technique 
probit analysis. 


possible obtain number, the 
“severity which the relative 
severity various environments can 


The influence number test 
variables such stress raisers, compo- 
sition test solution, time exposure, 
and type loading the “critical 
strain” determination has been studied. 
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APPENDIX A—TEST METHOD 


Method Summary 

laboratory tests, specimens were 
from oil well tubing, casing, 
stressed simple beams various 
ominal maximum outer fiber strains, 
exposed aqueous hydrogen 
ulfide bearing solution, general, the 
est strains used were close pos- 
ible the critical strain for cracking. 
Successive approximations the criti- 
cal strain were calculated after testing 
each new specimen, about twelve speci- 
mens usually being required give 
reliable estimate the critical strain. 


Specimen Holders 

For laboratory tests, holders the 
shown Figure were used. 
These were constructed 18-8 stain- 
steel (AISI Type 302, 304, 316 
preferred). Glass spacers were used 
insulate the test specimens 
holder. These holders were mounted 
units four, using the ends the 
specimen support screw fasten the 
holder the strap. 

For field tests, holders the type 
shown Figure were used for larger 
than 3.15-inch pipe and the type 


TABLE 1—Effect Stress Raisers Resistance Cracking 


shown Figure for 1.25 3.15-inch 
pipe. These holders have been made 
both carbon steel and 18-8 stain- 


Test Vessels 


For laboratory tests, use was made 
63x450 (approximately 1200 
ml) hydrometer cylinders with glazed 
flanges the top*, which four speci- 
mens could tested simultaneously. 
rubber stopper closure was used which 
carried about gas inlet and 
outlet tubes. The inlet tube extended 
cylinder, and the lower end was sealed 
with ffritted glass cylin- 
der with uniformly spaced pores 170 

For flowline field tests, four-foot 
long flanged test section was used 
the flowline. Such section accommo- 
dates two assemblies the type shown 
Figure the test section has greater 
internal diameter than inches, 8-mesh 
steel screen should wrapped around 
the whole test specimen assembly 
prevent broken specimens 
washed down the line. Where de- 
sirable use test section smaller than 
3.15-inch ID, this section should 
smaller than 1.25-inch and should 
least two inches longer than the speci- 
men holder shown Figure Orifice 
plates may used keep the speci- 
men assemblies from being pushed 
downstream the flow stream. 


Deflection Gage 


dial gage, graduated 0.0001-inch 
divisions, was used measure the de- 
flection the center the test speci- 
mens, shown Figure 


Test Solutions 


Laboratory test solutions were pre- 
pared fresh needed from distilled 
water which had been vigorously 
purged with nitrogen gas for one-half 


* Cylinder such as Kimble Catalog No, 20065. 


** Corning Gas Dispersion Tubes 12EC, Cata- 
log No. 39533 conform to these requirements. 


No. Cracking 
Ref. Stress Specimens | Results, 
Alloy | No. Raisers Tested Ss. Ratio 
Ves 24 0.8 2.8 
Yes 0.7 2.3 
| Average = 2.4 


Conditions: Standard laboratory test except as noted above. Specimens tested either with: (a) no stress 
raiser holes, or (b) with two No. 70 holes on transverse centerline. 


TABLE Test Solution Composition Resistance Cracking 


Alloy Cracking 
Ref. Results, 
Dist. H20 HeS + CO2 3.63 8 1.3 


Conditions: Standard laboratory test except for 


solution composition or atmosphere as shown. 


hour. Care was taken avoid contami- 
nation with air, since oxygen known 
accelerate corrosion acidic hydro- 
gen sulfide solutions. 


The standard laboratory test solu- 
tion consisted 5.0 glacial acetic 
distilled water. This solution was used 
for routine comparison different 
steels and for studying the effects 
inhibitors. Other test solutions were 
made similar fashion order 
study environmental variables such 
organic acid content and the presence 
salts. 


Test Specimens 


Test specimens were machined 
shown Figure from pipe 
tested. Care was taken avoid over- 
heating during preparation. Specimens 
were 2.65 0.05-inch long for field test 
specimens but could longer for speci- 
mens tested the laboratory. Two No. 
holes were drilled the transverse 
centerline each specimen act 
stress raisers. These stress raisers also 
served introduce complex loading 
conditions, which are thought some 
conducive stress corrosion 

Identifying marks were stamped only 
one side each specimen and only 
within either end. 


The final surface finish was produced 
No. 180 grit abrasive, using dry 
belt grinder. Specimens were hand held 
and were caretully abraded remove 
all evidence previous machining. The 
final scratches were parallel the 
length the specimen. All edges were 
carefully rounded remove nicks and 
burrs, The final thickness was measured 
with micrometer calipers the nearest 
0.0001-inch. 


should noted that surface 
grinder can introduce large residual 
stresses. surface grinder was used 
machining the specimens, the last 
two passes either side the speci- 
men removed more than 0.0005-inch 
metal. The disturbed layer the 
surface was removed carefully 
abrading above. 


After machining and abrading the 
surface, the specimens were cleaned all 
over with clean rubber eraser, rinsed 
acetone, and dried. The specimens 
were handled with stainless steel 
ceps after cleaning and were stored with 
desiccant until ready for use. 


Loading Test Specimens 
After choosing the nominal maximum 
outer fiber strain used, the corre- 
sponding deflection the middle the 
specimen was calculated means 
the following equation: 


TABLE 3—Sulfide Corrosion Cracking 
Constant Load 


Time Visible 
Cracking, Days** 


Nominal Maximum Fiber 
Strain, Inch/Inch 


2.0 
1.5 
1.5 216 


Conditions: Standard laboratory test except as 
noted below. 

Specimens of N-80 steel (Alloy Reference No. 
X-218). 

Specimens held in spring-loaded stressing jig. 

* Note: Critical strain of Alloy Reference No. 
X-218 standard laboratory test 3.3, based 
on 47 test specimens. 

** > indicates no cracking within test period. 
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FRACTION OF SPECIMENS WHICH FAIL, % 
Nw 
° 


DATA TAKEN FROM 200 SPECIMENS WHICH 
FAILED THE STANDARD LABORATORY TEST. 


NOTE: ALL CASES, THE ACTUAL TIME FAILURE 
WAS LESS THAN SHOWN, SINCE EXAMINATION 
SPECIMENS TEST WAS INTERMITTENT. 


15 20 25 


TIME OBSERVED CRACK, DAYS 


Figure 7—Time failure. 


Deflection middle specimen, 
where outer fiber 
strain, in./in., 
distance between end 


inches 


supports, inches, and 


specimen, 
inches. 


This formula assumes that the speci- 
men behaves elastically. With soft ma- 
terials, the nominal outer 
the yield strength exceeded. this 
case, the reported nominal outer fiber 
strain not the true outer fiber strain 
the specimen. However, the so- 
called nominal outer fiber strain re- 
garded measure the deflection, 
there should confusion. 


Identifying marks the test speci- 
mens were always placed the com- 
pression (concave) side 
men were outside the end supports. 


Laboratory Testing 

After straining, the specimens were 
inserted the test solution, and the 
rubber stopper carrying gas inlet and 
outlet tubes was wired place. The 
solution was then saturated for one- 
half hour with the test atmosphere, 
usually cylinder hydrogen sulfide. The 
solution was resaturated daily pass- 
ing the test gas through for about one- 
half hour, rubber tube was used 
connect the inlet and outlet tubes when 
gas was not flowing through the test 
solution, thus sealing off from the at- 
mosphere. 

Specimens were observed daily 
through the walls the test vessel 
determine which had failed. the end 
the test period (usually three weeks), 
specimens were removed from the solu- 
tion and the individual test holders and 
examined for failure. this stage, 
specimens were bent slightly see 
there was any incipient cracking. 
specimen contained any macroscopic 
cracks, whether not they had propa- 
gated completely through the specimen, 
was considered have failed test. 
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Typical Laboratory Test Program 

was generally found necessary 
test least eight, and usually about 
twelve, specimens given alloy 
variety outer fiber strains order 
determine the critical strain for crack- 
ing one environment. typical pro- 
cedure follows: 

(a) One specimen was tested the 
assumed critical strain. 

(b) After three days, the specimen 
was observed for failure. had 
failed, second specimen was tested 
inch/inch lower strain, 
had survived, the second specimen was 
tested inch/inch higher 
strain. 

(c) Testing was continued until one 
specimen had survived (or failed). The 
next specimen was tested strain 
halfway between the last two. After 
testing this specimen, tentative value 
the critical strain was computed, 
using the alternative scoring method 
given below. 

(d) The next four specimens were 
tested strain increments 0.1 
inch/inch, the computed tentative value 
the critical strain falling the mid- 
dle the strain range covered. 

(e) new estimate the critical 
strain was computed according the 
alternative scoring method. 

(f) The next four specimens were 
tested strain increments 0.05 
inch/inch, the new computed critical 
strain value falling the middle the 
strain range covered. 

(g) The best estimate the critical 
strain was computed means pro- 
bit analysis (see section entitled “Statis- 
tical Analysis Results,” below). 


Field Tests 


All specimens were strained 
nominal outer fiber strain 
inch/inch. After the specimens were 
strained they were inserted the flow- 
line test vessel soon 
were stored with desiccant until 
ready for use. 


the end the test period (usually 
two weeks), the specimens were re- 


TABLE Corrosion Cracking 


Test 
Alloy Test 
Ref. No. Results* | S,*- 
XXX 
7-98 XXX 
7-97 
7-117 000 
N-80 (normalized) | X—1243 XXO0 2.0 
N-80 (normalized) | 7-108 XO 2.8 
N-80 (warm 7 
worked)........ 3.0 
N-80 (cold drawn) | X—1356-4 00 3.1 
N-80 (quenched 
and tempered)..| X-—1334B 00 4.0 


Conditions: Standard field test procedure. 
Specimens exposed to water saturated with 
field gas containing 35 percent v HeS + 10 percent 
COz2 at 500 psig. 
Apparent Rs based on all specimens = 1.5. 
Apparent R, leaving out 5 Ni (7-117) = 
*X = specimen failed in test; 0 = specimen 
did not fail. 
** As determined in standard laboratory tes: 
(0.5 percent acetic acid saturated with HeS). 


moved from the flowline test vessel, 
rinsed with acetone, removed from the 
holders, and inspected for failures, 

general, field testing involved 
large number alloys having widely 
varying critical strains for cracking 
determined the standard laboratory 
test. Some specimens were used 
evaluate the environment. Other speci- 
mens structural tubular goods 
steel were used determine whether 
the proposed materials construction 
would serve satisfactorily 
vironment. 


Statistical Analysis Results 

The results laboratory tests were 
scored means the following pro- 
cedure, based tech- 
nique probit This procedure 
makes maximum use the available 
data and will give the most reliable re- 
sults, 


Critical strain, inch/inch 


where assumed value the critical 
strain for the purposes com- 
putation, inch/inch 


for API steels (based 
1282 tests). 

for alloy steels (based 
389 tests). 

0.29 for routine general pur- 
pose testing (based 1671 
tests). 

viving specimen and 
for failed specimen), 


ordinate the normal prob- 
ability curve for D/B. 


nominal maximum outer fiber 
strain given test speci- 
men, inch/inch 


period. 
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D/B 


area under the normal prob- 
ability curve from 
D/B. 
where dummy variable 


tabular form used computing 
from experimental data shown 
Figure However, when treating 
more than about alloy samples, 
was found convenient use machine 
mputation. 

alternative scoring method used 
given below. This method 
less precise than the method 
obit analysis and not worked out 
eory, but useful for predicting the 
itical strain guide for further test- 
The critical strain calculated 

the following equation: 


where nominal maximum outer fiber 
strain given test speci- 
men, inch/inch 10°. 
B’= empirical constant 
viving specimen and 
for failed specimen). 
mens used the computation. 


When using this method, necessary 
discard all data more than +0.7 
inch/inch from the critical strain value. 

The results field tests were scored 
means the following procedure, 
hased the technique probit analysis: 


=TZ/E 


where assumed value the sever- 
ity rating for the purposes 
computation, units 
(inch/inch 
0.78, based 170 tests. 


viving specimen and 
for failed specimen). 

ordinate the normal prob- 
ability curve for D/K. 
where 
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TABLE Deviation Sulfide Corrosion Cracking Test Data 


Class of Steel 


N-80, molybdenum 
N-80, cold drawn and warm worked.............. 
N-80, normalized and 


Within Class ested Units as S. 

640 0.36 

13 190 0.23 

12 135 0.36 

155 0.31 

162 1.08 

1282 0.35 

145 0.20 

11 161 0.22 

5 83 } 0.18 

389 0.21 


Conditions: When determining the critical strain, Se, of an alloy by means of probit analysis, it is 
necessary to use an empirical constant, B. This constant is the standard deviation of the test data, and the 
value of B can be computed as a by-product of the critical strain calculation. The values of the standard 
deviation shown in the above table are the weighted average values of B for a number of alloys of similar 


composition. 


specimen survived test 


area under the normal prob- 


ability curve from 
D/K. 
where dummy variable 


The tabular form shown Figure 
was used when computing values 
from experimental data, inasmuch the 
steps are completely analogous those 
used for computing values. 


alternative scoring method used 
occasionally given below. useful 
for predicting the severity rating for 
further testing but less precise than 
the method probit analysis. The 
severity rating calculated means 
the following equation: 


where critical strain given alloy 
tested, determined the 
standard laboratory test, 
inch/inch 


empirical constant (1.0). 

viving specimens, and 
for failed specimens). 

number test speci- 


mens used this computa- 


When using this method, necessary 
discard all data which are more than 
1.0 units from the severity rating 


DISCUSSION 
Questions Joe Chittum, Whittier, 

California: 

What method was used for intro- 
ducing the stress raiser the stressed 
specimens? 

Isn’t necessary place the holes 
the center the specimens? 


Isn’t more difficult reproduce 
two holes than one hole? 


The stress raisers our specimens 
consist two No. drilled holes. Dur- 
ing drilling, the test specimen held 
small jig aid locating the 
holes. 

The holes are placed the center 
the test span. not consider 
the placement particularly critical. 
Hand placement and visual ailgnment 
have been used all our tests, and 
believe likely that the stress raiser 
holes were within 0.02 inch the cen- 
ter the span any test. 

is, course, more difficult 
reproduce two holes than one hole. 
However, feel that the reproduci- 
bility our stress raiser holes 
the same order magnitude our 
accuracy loading, thickness measure- 
ment, and positioning. The rather small 
estimated error measured values 
suggests that the over-all errors our 
test method are fairly small. 


Any discussions this article not published above 


will appear the June, 1959 issue 


N-80 and P-110, quenched and tempered.......... 
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Introduction 
production 

was discovered Canada the late 
1940’s. From previous experience with sour 
oil production and sweet gas-condensate 
production, was recognized that the 
new sour gas wells would corrosive. 
Accordingly, considerable care was used 
selecting the materials construction 
used these wells. Good service 
experience had been reported for nickel- 
steel sucker rods sour oil wells and 
also had been reported for percent and 
percent nickel steels corrosive sweet 
gas condensate service. Extrapolating 
from this experience, percent nickel 
steel tubing was installed sour gas- 
condensate well the Pincher Creek 
Field, Alberta, The result: the 
tubing failed transverse cracking 
within six days. 

Other failures oil field equipment 
items have been Some have 
occurred with high alloy steel such 
percent nickel and percent chromium 
steels and others with high strength low 
alloy steels, notably those used wire 
lines and bourdon tubes. limited num- 
ber failures have occurred with API 
grade N-80 steel tubing. Failures have 
occurred both sour gas and sour oil 
well service. The general phenomenon 
cracking-type failures hydrogen 
sulfide service has come known 
“sulfide corrosion cracking.” 

None the equipment failures date 
has resulted loss well loss 
life. Nevertheless, the hazards involved 
tubing failure deep, high-pres- 
sure, sour gas oil well are great. 
These hazards have emphasized the need 
for better understanding the influ- 
ence sulfide corro- 
sion cracking chemical composition 
and mechanical properties commer- 
cially-available steels, that intelligent 
choice may made failure-resistant 
tubular goods. 

Two broad conclusions can drawn 
from the failure experience mentioned 
above: (1) hydrogen sulfide bearing 
fluids can produce rapid cracking-type 
failures stressed steel, and (2) high- 
strength and high-alloy steels 
ticularly prone such failures. These 
conclusions from field experience have 
been supported and made more detailed 
several laboratory and field investi- 
The test procedures used 
the past were largely qualitative, 
were the conclusions which were drawn 
from them. Nevertheless, they were suf- 
ficiently quantitative show that steels 
which are nominally the same chem- 
ical composition and mechanical proper- 
ties API grade N-80 steel) may 
vary widely susceptibility cracking. 

Recently, more quantitative test pro- 
cedures’ have been devised. These have 
been used test large number low 
alloy steels known composition and 
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Influence Metallurgical Variables 
Resistance Steels Sulfide Corrosion 


mechanical properties for susceptibility 
sulfide corrosion cracking. This paper 
presents and discusses the results 
these tests. 


summary the metallurgical prop- 
erties the alloys tested given 
Table Particular emphasis has been 
placed steels which are used for oil 
well tubing and casing, and the object 
these tests has been gain better in- 
sight into the influence metallurgical 
variables susceptibility cracking. 


After accumulating much data 
possible each steel, statistical anal- 
ysis was made determine the metal- 
lurgical variables that influence resistance 
cracking. This analysis included several 
parts: (a) comparison the different 
classes steel (J-55, N-80, and P-110), 
(b) comparison manufacturing proc- 
esses used produce API grade N-80 
casing, (c) regression analysis all 
available data develop equations 
which can used predict cracking 
susceptibilty, and (d) study temper- 
ing heat treatment means reduc- 
ing the cracking susceptibility molyb- 
denum-bearing steels. 

The present paper summarizes infor- 
mation the influence metallurgical 
variables sulfide corrosion cracking. 
provides practical basis for the se- 
lection commercial high-strength ma- 
terials for tubular goods and wellhead 
fittings which are intended for use 
sour gas and oil wells. attempt has 
been made this paper review the 
various theories sulfide corrosion 
cracking which are presently extant. 
The authors’ own views regarding the 
mechanism sulfide corrosion cracking 
have been presented 


Comparison J-55, N-80, and P-110 
Steels 

Samples API grades J-55, 
and P-110 steels from several different 
manufacturers have been tested for sus- 
ceptibility cracking using the proce- 
dure described by: Fraser, Eldredge, and 
brief, this procedure yields 
number called the critical strain for 
cracking, Se, which characteristic 
the alloy being tested. The critical strain 
for cracking, used this paper, 
the strain 10°) which the probabil- 
ity failure the standard laboratory 
test one-half. Very susceptible steels 
have low values whereas non-suscep- 
tible steels have high values. should 
noted that the critical strain 
function the test conditions and en- 
vironment well the material 
tested and that the standard laboratory 
test environment severe one. 

The average critical strain for crack- 
ing, Se, each the different grades 
steel tested follows: 


No. Samples Average Standard 

Grade Tested Se Deviation 
J-55 4.3 0.7 
N-80 0.8 
P-110 2.3 0.6 


analysis variance shows that the 


Abstract 


statistical study has been made sul- 
fide corrosion cracking of steel as a 
function chemical composition, me- 
chanical properties, and heat treatment. 
A total of 104 different alloys were 
studied, of which 79 were eo ge 
produced API grades J-55, N-80, and 
P-110 steels. It was possible to derive 
predictive equations which can be used 
to rate the cracking susceptibility of a 
new alloy from its known metallurgical 
properties. Resistance to cracking is in- 
creased most rapidly 
ductility and carbon content. Resist- 
ance to cracking is decreased most = 
idly by increases in hardness, strengt 

and manganese and molybdenum content. 
An additional result of this investigation 
the demonstration that resistance 
cracking can be markedly improved by 
tempering N-80 steel for one-half hour 
at 1100 F. The accompanying loss of 
yield strength is not excessive. 3.2.2 


differences among the above classes are 
quite significant. 
Laboratory study four samples 
API grade N-80 steel tubular goods 
which had failed service indicates that 
they were very susceptible sulfide 
corrosion cracking. Details the serv- 
ice conditions and metallurgy these 
samples are shown Table However, 
note that fully half the N-80 samples 
which were tested the laboratory 
were more susceptible cracking than 
one the pieces tubing which failed 
service. This emphasizes the need 
for careful selection oil well compo- 
nents well the desirability having 
heat treatment which can decrease the 
susceptibility having heat treatment 
which can decrease the susceptibility 
cracking API grade N-80 tubing. 


Effect Manufacturing Process 


API grade N-80 steel pipe made 
four different manufacturing processes: 
normalizing, cold drawing, warm work- 
ing, and quenching and tempering. 
reasonable ask the manufacturing 
process influences susceptibility crack- 
ing. The average critical strain for crack- 
ing, API grade steel pro- 
duced each the different processes 

Variance analysis these critical 
strains indicated that quenching and 
tempering produces pipe which has 
different critical strain from 
the other processes. However, multiple 
regression analysis (see Appendix 
indicated that the differences between 
N-80 produced these four processes 
result largely from the differences 
chemical composition and mechanical 
properties, not from the manufacturing 
processes themselves. 


Effect Composition and Mechanical 
Properties 


statistical analysis the effect 
composition and mechanical properties 
resistance cracking API grades 
J-55, N-80, and P-110 steels summar- 
ized Appendix general, within 
given classification steel, such 
normalized N-80 steel, poor resistance 
cracking accompanied high 
strength, low ductility, and high alloy 
content (especially manganese and mo- 
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This shown both the 
correlation coefficients the individ- 
variables with (see Table and 
the raw correlations and the cross- 
orrelations between variables. 
Predictive equations have been derived 
each several classes steel, such 
molybdenum-bearing N-80 steel, all 
steels (including API grades 
-55, N-80, and P-110), and all steels 
ested. For each class steel, two equa- 
ions are given Table These are: 
the equation which gives.the most 
predicted value the critical 
and (2) shorter equation 
vhich easier use but which still 
reliable predicted value the 
strain for cracking. The follow- 
examples such shorter equations 
ire the ones which appear hand- 
est use, and likely used most 


For molybdenum-bearing N-80 
steels: 
5.53 (percent Mo) 
0.0611 (percent Reduction 
Area) 
0.1349 (Hardness, Rockwell 
scale) 


For low-alloy steels, including 
API grades J-55, N-80, and 
P-110 steels: 

2.92 
1.061 (percent Mn) 

1.220 (percent Ni) 
0.00002359 (Yield Strength, 


psi) 
0.1379 (percent Elongation) 
0.837 normalized 
0.901 cold drawn warm 
worked 
1.204 quenched and tempered 


For any steel not included the 
above classes: 
9.38 
0.1346 (percent Ni) 
0.00001242 (Yield Strength, 


psi 
0.1095 (Hardness, Rockwell 
scale) 
Examples critical strain values com- 
puted for alloys within each the above 
follow: 


Molybdenum-bearing N-80 steel: 
Reference No. X-658 
Measured 1.7 
Properties: 0.42 percent 0.34 
percent Mo, 53.0 percent Re- 
duction Area, Hardness 
Predicted 1.8 


Quenched-and-tempered P-110 
steel: 
Reference No. X-439 
Measured 2.2 


Properties: 1.50 percent Mn, 


0.09 percent Ni, 128,000 psi 
yield strength, 21.0 percent 
elongation; alloy was 


quenched and tempered 
Predicted 2.3 


percent nickel steel: 
Reference No. 7-171 
Measured 1.0 
Properties: 0.09 percent 8.77 
percent Ni, 85,700 psi Yield 
Strength; Hardness 
Predicted 1.3 


The agreement between the measured 
and predicted values each the above 
examples happens good. not 
all certain that equally-good agree- 
ment would found practice be- 
cause the estimated error prediction 
(see Table fairly large for most 
the classes steel studied. However, 
the predictive equations given above 
should useful guide choosing 
heats steel which would most likely 
safe for sour gas condensate service. 

From previous laboratory 
experience had been qualita- 
tively deduced that high strength and 
hardness were avoided, were 
high alloy content, especially nickel 
and molybdenum. Conversely, high 
ductility appeared desirable. The 
present data observations 
quantitative fashion. However, 
there one result from the statistical 
study- which contrary early: expec- 
tations: had not been thought that 
resistance cracking would 
creased with carbon content. satis- 
factory explanation can offered for 
this phenomenon this time. may 
noted that similar beneficial influ- 
ence carbon steel was noted 
his studies the stress cor- 
rosion cracking mild steels nitrate 
solutions. Parkins felt that the distribu- 
tion carbides segregation 
grain boundaries) was particularly im- 
portant. data are available this 
time the distribution carbides 
the steels which were studied. 

With regard the influence me- 
chanical properties resistance crack- 
ing, has been suggested early 
paper that there thres- 
hold hardness level above which steels 
are susceptible cracking and below 
which they are not. Present data are 
consistent with the qualitative observa- 
tions Prange and others that high 
hardness levels are associated with in- 
creased susceptibility cracking. How- 
ever, these data not indicate any non- 
linearity the relationship between 
hardness and should noted 
that sulfide corrosion cracking failures 
have been produced specimens 
quite soft steels (hardness values low 
the Rockwell scale) when 
exposed highly strained condition 
severe environments. 


Effect Tempering N-80 

pointed out above, half the 
samples API grade N-80 tubular 
tested the laboratory: have been 
more susceptible sulfide corrosion 
cracking the laboratory test than 
piece tubing which failed the field. 
This suggests the need for some treat- 
ment raise the value tubing and 
thus decrease the probability failure 
sulfide corrosion cracking. be- 
lieved that the need for such treatment 
remains even the N-80 used 
chosen use the equations Table 
This because the estimated error 
values predicted means these 
equations fairly large. 

practical treatment raise the crit- 
ical strain for cracking API grade 
N-80 tubing temper the tubes after 
normalizing and straightening. shown 
Table tempering for one-half hour 
1100 markedly improved the re- 
sistance cracking ten different 
samples molybdenum-bearing N-80 
steel. only one case did the value 
appear decrease. This steel already 
had reasonably high initial value, 
and the decrease was very small. The 
three steels which had lowest initial 
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values all showed marked improvement 
tempering. The same equation which 
predicts critical strain for as-received 
Mo-bearing N-80 steels adequately fits 
the data for tempered N-80. 


The main disadvantage tempering 
cracking the accompanying decrease 
yield strength. shown Table 
tempering decreased the average yield 
strength the ten N-80 steels 81,000 
psi, with four samples having yield 
strengths after tempering less than 
80,000 psi. The lowest 
strength was 74,900 psi. considered 
that the benefits which result from 
increase resistance cracking would 
more than offset the disadvantages 
decrease yield strength. appears 
preferable accept the decreased min- 
imum yield strength and design tubing 
strings this basis rather than in- 
sist minimum yield strength after 
tempering 80,000 psi. This because 
increased resistance cracking which 
results from tempering appears 
largely associated with the decrease 
yield and ultimate strength, rather than 
with any microstructural changes. 
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APPENDIX Analysis 
the Prediction Critical Strain 


The critical strain for sulfide corro- 
sion cracking may compared with 
the various mechanical, chemical, and 
heat treatment factors determine re- 
lationships. general, the factors that 
give high strength give poor low 
critical strain. The correspondence be- 
tween critical strain, and any factor, 
coefficient. 


(1) 


—average (These lower case letters 
with these meanings will used this 
appendix simplify explanations.) 


perfect linear correspondence be- 
tween the critical strain and the factor 
gives correlation coefficient plus 
minus unity; linear correspondence 
gives coefficient zero. signifi- 
cant necessary that correlation co- 
efficients substantially different from 
zero, the amount depending the num- 
ber tests concerned. For example, 
for percent confidence limit, and 
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TABLE 1—Metallurgical Properties Alloys 


est 
COMPOSITION, WEIGHT PERCENT MECHANICAL 
| 


aon 


7122 PQ57 0.35 | 1.50 | 0.021 | 0.022} 0.18 | 0.00; 0.05 0.02 |} 0.02} 0.01 | D | 124800 137500 | 22.3 | 62.5 3.2 
X334A NQ55 0.35 | 0.76 | 0.020 | 0.033 | 0.11 | 0.00} 0.07 0.04 |} 0.02} 0.01} D 98800 114400 | 21.3 | 62.0 61 16 4.0 
X334B NQ55 0.40 | 0.86 | 0.020 | 0.050 | 0.06 | 0.00; 0.06 0.04 | 0.04 | 0.01 | D 99000 119500 | 21.0} 60.0 61 15 4.0 
X334C NQ41 0.33 | 0.78 | 0.008 | 0.040 | 0.05 | 0.00} 0.05 0.03 | 0.11 | 0.00 | M 86800 110000 | 24.3 66.0 58 10 4.6 
X351C PQ56 0.34 | 1.35 | 0.019 | 0.028 | 0.14} 0.02 | 0.07 0.02 | 0.04 | 0.00 | M | 138300 148500 | 19.2 60.0 65 10 1.4 
X351D PQ56 0.28 | 1.26 | 0.020 | 0.026 | 0.15} 0.01 | 0.05 0.02 | 0.04 | 0.00 | M | 115000 130800 | 19.8 | 62.0 61 ll 2.4 
X415A PQ78 0.30 | 1.33 | 0.021 | 0.030 | 0.20 | 0.01 | 0.09 0.07 | 0.08 | 0.03 | M | 119500 131700 | 21.3 | 63.0 63 13 2.7 
X415B PQ78 0.33 | 1.54 | 0.016 | 0.037 | 0.23 | 0.00 | 0.09 0.07 | 0.08 | 0.03 | M | 119500 130700 | 20.3 | 63.0 62 13 2.3 
X415C PQ78 0.31 1.49 | 0.017 | 0.028 | 0.22 | 0.00} 0.10 0.08 | 0.08 | 0.03 | M | 133500 143300 | 20.2 | 63.0 64 17 1.7 
X417A NQO04 0.24 | 0.91 | 0.015 | 0.031 | 0.16 | 0.00 | 0.05 0.04 | 0.02 | 0.02 | M 83800 100600 | 27.3 | 76.7 57 6 5.7 
X417B PQ05 0.28 | 1.58 | 0.016 | 0.028 | 0.17 | 0.00} 0.03 0.03 | 0.00 | 0.02 | M | 125500 137500 | 20.3 | 63.3 64 15 2.0 
7152 | I | 0.04 | 0.03 | 0.013 | 0.025 | 0.00 | 0.00 | 0.06 | 0.02 | 0.10 | 0.10 | D 48200 | 58800 | 27.0 | 68.5 | 44 | 24 | 2.1 
Chromium Steels: oe 
7102 X04 0.09 | 0.41 | 0.018 | 0.008 | 0.70} 0.50 | 0.50 6.65 | 0.00/| ... D | 126300 157500 | 23.7 | 61.3 66 12 0.9 
7103 X04 0.09 | 0.35 | 0.009 | 0.011 | 0.33 | 0.91 | 0.24 8.41 | 0.12 | 0.08 | D | 158200 185000 | 20.0 | 57.7 70 20 0.6 
7156 X04 0.12 | 0.51 |} 0.012 | 0.010 | 0.63 | 0.99 | 0.30 8.65 | 0.13 | ... M 907 129100 | 23.0 | 68.3 64 1l 1.7 
8085 X04 0.05 | 0.45 | 0.009 | 0.011 | 0.55 | 0.30 | 0.30 |} 12.40 | 0.72! 0.02 | D | 101700 141900 | 24.0 62.7 65 16 1.3 
8087 Vv 0.08 | 0.49 | 0.023 | 0.020 |] 0.80; 0.30} 0.50} 12.10} 0.00 D 55) 83900 | 29.0} 59.3 50 12 3.4 
X0864 Vv 0.15 | 0.56 | 0.030} 0.040 | 0.66 | 0.11 | 0.18 | 12.50} 0.00 | 0.00 | D | 118300* | 134300 | 17.0 | 54.7 64 18 1.2 
j X410 Vv 0.19 | 0.77 | 0.015 | 0.028 | 0.49 | 0.97 | 0.79 | 13.31 | 0.00 M | 128800 157200 | 10.0 | 16.0 66 t 1.2 
.09 i .27 | 0.30 | 4.83 0.05 | 0.00; ....| D 60900 99100 | 36.3 | 69.0 59 27 0.7 
12 : .23 | 0.06 | 4.90 0.21 | 0.11 | 0.02 |} D 65900 98800 | 36.3 | 70.3 54 24 1.1 
11 i .20 | 0.04 | 8.78 0.12 | 0.27] .... | D | 146000 172000 | 13.0 | 55.0 69 11 0.2 
13 X .18 | 0.04 | 8.50 0.15 | 0.50} 0.02 | D | 134500 143300 | 21.3 | 63.0 65 24 0.5 
.08 Y 19 | 0.09 | 8.82 0.20 | 0.28 | 0.04 D | 106000 125600 | 26.0} 66.0 63 31 0.7 
10 | 0.45 | 0.025 | 0.014 |} 0.20; 0.30 | 8.91 0.05 | 0.32 D 99500 117000 | 26.6 | 71.2 61 12 0.9 
09 | 0 : 0.25 | 0.07 | 8.77 0.04 | 0.30 | 0.00 | M 85700 101500 | 27.3 | 68.7 56 12 1.1 
High Strength, Low Alloy Structural Steel: 
X382 xQ | 0.17 | 0.90 | 0.015 | 0.028 | 0.27 | 0.48 | 0.74 | 0.88 | 0.33 | 0.07 | M | 114500 | 121100 | 20.5 | 64.0 | 61 | 12 | 2.1 


SAE 4140 Steel: 
Vv | 0.40 | 0.85 


X212A 


Other Steels Used Oil Field Tubular Goods: 


X450B PN43 0.49 


® Code designation for size, grade, etc: First Column (Grade): J = API Grade J-55, N= API Grade N-80, P = API Grade P-110, X = Non-API material 
(usually alloy steel), V = Valve alloy, I = Ingot iron; Second Column (Method of Manufacture): C = Cold drawn, N = Normalized, Q = Quenched and 
tempered, W = Warm worked, E = Electric welded; Third and Fourth Columns (Weight and grade of pipe): 04 = 23%” tubing, 05 = 2%” tubing, 07 = 34%” 
9.20 Ib tubing, 39 = 544” 14 lb casing, 40 = 514” 15.5 lb casing, 41 = 514” 17 Ib casing, 42 = 514” 20 Ib casing, 43 = 514” 23 lb casing, 45 = 6” 18 lb casing, 46 = 
6” 20 Ib casing, 55 = 7” 23 lb casing, 56 = 7” 26 lb casing, 57 = 7” 29 lb casing, 58 = 7” 32 lb casing, 59 = 7” 35 Ib casing, 64 = 754” 29.7 lb casing, 66 = 754” 
39 Ib casing, 68 = 854” 28 lb casing, 78 = 954” 43.5 lb casing. 

> M = reported by manufacturer. However, in cases where Ni, Cr, Cu, and Al were not deliberate alloying additions, these were not reported by the manufacturer. 
The values shown were from spectroscopic analyses and are believed correct within + 15 percent of value shown or 0.01 percent, whichever is larger. D = determined 
in these laboratories. Values for C, Mn, P, and S determined by chemical analysis, whereas other alloying additions were from spectroscopic analyses. N = nominal 
analysis for the grade of steel. S = spectroscopic analysis. ; : y 

¢ Determined on Hounsfield tensometer, using 1/40 sq inch x 0.632-inch long tensile bars. Results shown are average for three tensile bars. Yield strength shown is 
the stress at 0.5 percent strain (see API Standard 5A) except where a distinct yield point was observed. If a distinct yield was observed, this is indicated by an asterisk. 

4 Values of Se determined by standard laboratory as described in Reference 7. The maximum nominal applied strain used in this study was 0.00533 inch/inch A few 
alloys showed no failure at this strain; the S. value shown for these alloys is 5.7 (Alloy Reference Numbers 7100, T 355 A, and X 417 A). 
¢ Hardness values on the Rockwell A scale. Values shown are average of five measurements. 
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Nov 
TABLE Information Failed Tubular Goods Examined the Laboratory TABLE 3—Critical Strain for Cracking 
Sour Gas Well Sour Gas Well Sour Oil Well Different Processes 
9,973 Ft. Depth 12,126 Ft. Depth 11,884 Ft. Depth 
Gas Composi- Gas Composi- Manufacturing | Samples| Average | Standa:d ae 
tion: 3.5% HeS, Gas Composition: 42% H2S, tion: 20% Process Tested S. Deviatiin A. F 
eee Normalizing..... . | 37 3.2 0.8 
Production Rate: Cold 3.3 0.4 
Gas, mmcf/d. . 5.6 | 4.0 Not available* Warm Working. . .| 4 3.1 0.2 
56 | 203 200 originally; Quenching and 
declined to 3 be- Tempering.....| 4 4.6 0.8 
Bottom Hole Pressure, 3,835 6,000 
Temperature, 0.325; and for N=104, should 
Shut-In Tubing Pressure, 2,867 3,400 Not available* greater than 0.193. correlations 
Flowing Tubing Pressure, 2,674 3,096 200-300 critical strain, Se, with various compo 
Flowing Wellhead Temperature, | tion and ——— Property variabl 
| 104 Not available* Not available* are given in able 
enth of Failure, ft............. 292 | 1 mi 
Brief Well flowed Failed thread Spiral crack Well worked over prediction regression equation. 
wet mmef total on | after 69 hr total | body, ca 16” ca 1 month be- s a 
| test then shut in. | production. Cas- | long. | fore failure. Predicted S. =A aL bX, or (2 1 
2, Estimated Applied Stress at Point | | Predicted s bx (3 
25, 5, | N r : 
Laboratory Reference No. Steel X-218 X-059C X-513 X-631 diction, according the method leas 
Offset Vield, psi. 84,300 103,700 97,500 100,500 t 
Ultimate Tensile Strength, psi. | 125,000 | 130,100 | 126,700 127,500 ji a "+ See I 
Reduction Area, %.. | 55.8 | 50.7 } 51.0 59.0 \ (>x’) 
> Hardness, Re....... | 23 23 20 25 
S. in Laboratroy Test... . | 33 22 2.3 | A predictive or regression equation 
from Field Tests............ can also written between and 
| 
* Not reported with data re this more than one factor X, Xs, 
* . 


(6) 


must rembered here that the 
various factors may correlated with 
each other, and use all would 


TABLE 4—Correlation Critical Strain for with Metallurgical redundant. For example, ultimate 
CORRELATION COEFFICIENTS yield strength. Note that ultimate 
Non- Grade J-55 tions Table does not appear the 
: '37 Mo-Bearing|47 Mo-Beari 104 
Required for strain may important variable 
been accounted for. Note the low 
+.145 +.136 even negative correlations carbon 
Table although carbon increases criti- cri 
—.179 Thus, the best value each tio 
dict critical strain will depend all the 
Ni.. correlations with and the cross cor- fey 
Strength These b’s have been obtained; the pre- 
Ne. For more than three in- 
a ten samples tested in both the after tempering 4 at 1100 F. plicated. rhe authors: were fortunate to 
Magnitude correlation coefficient required for significance percent significance level. have high-speed digital computer with 
¢ There are four commercially used metallurgical treatments used in producing casing and tubing. These an already-prepared program to use in tic 
are follows: finishing this work. 
W—worked either by cold drawing or by “‘warm working" at about 1000 to 1100 F. In the analy sis of sulfide corrosion ab 
Q—quenched and tempered. _ cracking data, a total of 17 different V: 
J—no special heat treatment after rolling at a high temperature. 
ro Each alloy tested will fit into one of the above categories. However, use of ‘all four categories in a regres- metallurgical ¥ ariables Ww ere measured 99 
sion analysis is redundant. Therefore, variable J has been omitted. on each steel sample in addition to the i 
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INFLUENCE METALLURGICAL VARIABLES RESISTANCE 


TABLE 5—Equations for Predicting Critical Strain for Cracking, S., from Metallurgical Data 


Standard Standard 
Significance Estimate, Significance Estimate, 
Mo-Bearing N-80 Steels: Best Predictive Equation Found: 
+0.0589 x % Reduction Area......! 2.88 | —0.00001940 x Yield Strength, psi.. 2.01 
—0.1415 x Hardness, Ra.......... 2.48 | +0.0857 x % Elongation.......... 2.20 
| —0.0858 x Hardness, Ra........../ 2.05 
2. Best =" Equation Found: +1.358 if normalized ( N). betaasew al 3.71 
wes +1.08 or +0.469 if cold drawn (C) or warm 
—0.792 x % Mn | 1.95 or +1.514 if quenched and tempered | 
+3.65 x % Cr | 1.58 mon 
—0.00001570 x Yield Strength, wr: 1.54 Limit for 95% confidence for any one term.... . t> 1.99 
+0.0435 x % Reduction Area. . 2.21 Limit for 99% confidence for any one term.... . t> 2.64 
| mit for 95% confidence for any one term 2.04 | 1. Five Variables: 
1 mit for 99% confidence for any one term 2.75 | +1.56 
which were Tempered): —0.00002695 x Yield egal psi.. 3.05 
+0. 0611 x % Reduction Area...... 3.51 or +1.205 if quenched and eatatal | 
—0.1350 x Hardness, Ra........-- 3.04 3.13 
Best Predictive Equation Found: 
2.36 —0.900 x % Mn............ | 2.74 
=o, 00001802 x Yield Strength, psi.. 2.40 | —0.00003061 x Yield Strength, psi.. 2.94 
+0.0470 x % Reduction Area...... 2.78 +0.00002749 x Ultimate Tensile 
—0.1231 x Hardness, Ra.......... | 2.48 pee See | 1.73 
-—— +0.1695 x % Elongation. . zal 4.09 
| imit for 95% confidence for any one term..... t> 2.02 —0.0798 x Hardness, Ra..........| 1.65 
limit for 99% confidence for any one term..... t> 2.70 +0.712 if normalized (N)......... 2.63 
- or +0.954 if cold drawn (C) or warm 
C. 68 Non-heat Treated J-55 and N-80 Steels, ec 2.47 
but Including 10 Tempered Mo-bearing or be 425 if quenched and tempered | 
+1.13 Limit for 95% confidence for any one term. t> 1.99 
RSENS steerer 3.99 | Limit for 99% confidence for any one term. t> 2.65 
—0.1362 x Hardness, Ra. Al 1. Four Variables: 
—0. 00001632 x Yield Strength, psi..| - 2.42 +388 4 > 5.10 
+0.0469 x % Reduction fie ere 3.17 —0.002 x % Mn............. 2.53 
—-0.1210 x Hardness, Ra. tree 2.82 +8.79x%P....... 1.12 
Limit for 95% confidence for any one term Paes t> 2.00 —0.567 x % Mo.. 1.25 
Limit for 99% confidence for any one term..... t> 2.66 —0.1938 x % Ni 4.15 
—0.00001053 x Yield Strength, psi.. 1.44 
D. 79 API Grade 5-55. 55, N-80, and P-110 Steels: +0.0387 x % Elongation...... 1.24 
eee +1.52 —0.478 if quenched and tempered | 
—1.697 x % Mn. 2.01 — | 
+0.1068 x % Elongation. . waren 2.05 Limit for 95% confidence for any one term. ; t> 1.98 
—0.1246 x Hardness, Ra.......... 1.52 Limit for 99% confidence for any one term. . t> 2.63 
+0.726 if normalized (N)......... | 3.17 


critical strain, Some these have 
turned out not useful for predic- 
tion, Thus, the best predictive equation 
for each class steel tested will contain 
fewer than variables. The computer 
program used was designed that 
performs the regression start- 
ing with the largest number variables, 
this case 17, decides which var- 
iable least significant, and then recal- 
culates the regression for analysis using 
the remaining n-1 significant variables. 
This process automatically repeated 
far desired. The significance 
each term evaluated significance 
value, The results these computa- 
tions are shown Table for several 
different groupings the alloys tested. 
The value can related prob- 
Values required for percent and 
percent confidence are included 
Table 


DISCUSSION 


Smith Corporation, Milwaukee, Wis- 
consin: 

The authors have ably presented in- 

teresting paper the statistical analy- 

sis corrosion data. presumed 
that all the test samples used for the 
stress corrosion tests would ma- 
chined and therefore represent surfaces 
variables not consistent with the manu- 
facturer’s tubing surface. this con- 
nection the writer would interested 
learn the effect layer the ex- 
posed surfaces the specimens 
nearly carbon free iron, the hydrogen 
sulfide corrosion environment. This 
particular interest view the fact 
that the authors’ for ingot iron, 


| So S. 

Alloy Ref. No. After AS. 
2.2 3.2 +1.0 
X-218... 3.3 3.9 +0.6 
X-243... 2.0 3.8 +1.8 
3.4 3.4 0.0 
3.4 3.5 +0.1 
2.1 3.6 +1.5 
X-416D...... 3.6 3.4 —0.2 

Average +0.88 

Conditions: Molybdenum-bearing N-80 steels. 


Composition and mechanical prop- 
erties before and after tempering 
shown Table 


Specimens for sulfide corrosion crack- 


ing tests 
sections 


for %-hour at 1100 F. 


cuts from 3-inch long ring 
of tubing after tempering 
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percent stainless steel and percent 
steel would much lower 
susceptibility for corrosion cracking with 
very low negligible carbon. The 
writer would also like know whether 
ingot iron supposedly very low car- 
bon (.04 percent less) showed negli- 
gible stress corrosion cracking suscep- 
tibility the authors’ tests. 

The second question view the 
rather loose terminology yield 
strength throughout the authors’ data 
would “Have any accurate stress 
strain curves been made the various 
materials covered the investigation?” 
the authors used the yield strength 
data supplied the vendor this value 
could the yield strength noted 
percent stretch the drop the beam 
testing. order clarify the fac- 
tors applied yield strength the 
equations given the authors would 
well know what basis their 
yield strength was determined. 


reply Mr. Scheil’s first question, 
not have any direct information 
the effects decarburization. Our 
equations show that decarburation may 
harmful regards Our data 
one sample ingot iron (Alloy Refer- 
ence No. 7-152) tend confirm this. 
This sample had low strength, low al- 
loy content, and good ductility, all 
which seem favor high values. 
However, our sample had relatively low 
(2.1) and reasonable explanation 
that the low carbon content respon- 
sible for the low value. 

All the mechanical property data 
were obtained our own laboratory, 
using small-sized tensile bars Houns- 
field tensometer. 
strain curves were obtained for each 
steel used. all cases, the yield 
strength reported the stress 0.5 
percent permanent elongation. Distinct 
yielding (i.e., drop-of-the-beam) was ob- 
served with only three the alloys 
tested the as-received condition. 
may significant that all the tem- 
pered molybdenum-bearing N-80 steels 
showed distinct yield point after tem- 
pering but not before. 


Questions McVey, Climax Mo- 

lybdenum Company, Chicago, Illinois: 
The authors have presented interest- 
ing study complex problem. 
are naturally interested their results 
for molybdenum bearing N-80 pipe. 
our understanding that the composi- 
tion this grade varied different 
sizes pipe the producers obtain 
sufficient hardenability produce the 
tensile properties required the API 
specification. this basis, would 
expect find significant variation 
hardening elements and hardenability 
produce comparable properties dif- 
ferent sizes pipe. 

would seem likely that more fun- 
damental correlation resistance 
cracking would exist with yield strength 
and microstructure (which are related 
hardenability) than with percentages 
carbon and alloying elements per se. 
This appears indicated the im- 
provement resistance cracking ef- 
fected tempering 1100 degrees 
shown the authors Table 
Hardenability the compositions listed, 
when calculated (on the basis per- 
cent martensite for lack better cri- 
terion) the Grossman-Field method 
and disregarding grain size, signifi- 
cantly higher for alloy Nos. X059C, 
X243, and X361. These are the only 
steels showing significant decrease 
yield strength tempering. They: also 
show the largest reduction hardness. 
Was any definite change microstruc- 
ture evident tempering these higher 
hardenability steels? Has any this 
pipe been tempered the producers? 

Another question arises with respect 
all the steels listed Table 
Were the compositions shown “re- 
ported manufacturer” ladle analyses 
check analyses the actual pipes 
tested? 

there any indication possible 
relationship between residual stresses 
full size pipe and resistance cracking? 


reply Mr. McVey, agree that 
resistance cracking probably re- 
lated microstructure. However, 


characterize microstructure 
any numerical code whereas the 
chemical composition expressed nu- 
merically. This one reason for not 
using microstructure one variable 
our statistical studies. Another reason 
that consider that the mechanism 
sulfide corrosion cracking can best 
explained electrochemical basis, 
with mechanical aspects crack propa- 
gation being subsidiary the electro- 
chemical aspects. have discussed 
this detail earlier paper (see our 
reference 4). Therefore, would ex- 
pect the chemical composition the 
steel important the mechan- 
ical properties, although course they 
are intimately related. 


Mr. McVey’s question regarding 
the changes microstructure tem- 
pering, regret that have not exam- 
ined microscopically the steels which 
tempered. addition, not know 
whether any the pipe samples 
tested were tempered the producers. 
know that tempering normal- 
ized molybdenum-bearing N-80 tubular 
practice, but such tempering heat treat- 
ment not usually reported the user. 


The chemical compositions shown 
“reported manufacturer” our Table 
included some ladle and some check 
analyses. The suppliers our samples 
were not uniform this regard, but 
they did indicate that there was usually 
very little difference between the two 
analyses. further confirmation 
the reported analyses, made spectro- 
graphic analyses all samples 
received. found significant differ- 
ences between the reported composi- 
tions and our analyses, re-analyzed 


the sample and showed the re-analysis 
Table 

have direct data which would 
show the relationship between residual 
stresses and resistance cracking. How- 
ever, tube containing residual stresses 
will have lower resistance cracking 
than would the same tube without resid- 
ual tensile stresses, since 


tensile stresses will add externally 
applied tensile stresses. 


Any discussions this article not published above 


will appear the June, 1959 issue 
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Research Progress 


The Investigation Corrosion Mechanisms 
With the X-Ray 


Introduction 


STRUCTURE and composition 

the substrate metal extreme 
importance insofar the corrosion mech- 
anism concerned. order under- 
stand better the corrosion mechanism 
often desirable observe changes 
the composition structure the alloy 
the reaction proceeding. The ob- 
ject this report describe pre- 
liminary work progress involving the 
use X-ray microscope observe 
such changes alloy structure, 

The theory and operation the 
X-ray microscope was described 
and its potential applications 
surface reactions were discussed 
recent report from this 
the present work General Electric 
Type A5001 shadow X-ray microscope 
used. The X-ray beam traverses 
thickness about 0.003 inch the 
alloy under study. The details the 
X-ray picture recorded the photo- 
graphic plate arise from the differences 
the absorption X-rays the con- 
stituents the alloy. The X-ray micro- 
scope can give the most information for 
those metallic systems involving two 
phases wherein the absorption one 
phase differs considerably from that 
the other. The instrument should 
particularly suited the study re- 


* General Electric Company, Schenectady, N. Y. 


Figure 1—X-Ray photomicrograph stress corrosion cracked magnesium alloy 
furnace-cooled from solutioning temperature. 50X. 


FOLEY* 


actions that involve copper, iron, zinc 
segregated phases the light alloys. 
The corrosion reactions first studied 
this laboratory have been based this 


Magnesium-Aluminum Alloy 

The first corrosion 
sidered was the stress corrosion crack- 
ing magnesium-aluminum alloy 
(J-1). This reaction had been studied 
previously Priest, Beck, and Fon- 
they showed quite clearly that for 
fine-grained specimens previous heat 
treatment establishes whether the failure 
intercrystalline 
When the magnesium-aluminum alloy 
furnace-cooled from 345 the com- 
pound formed grain bound- 
aries. The presence this compound— 
because cathodic the alloy proper 
—accelerates the corrosion adjacent 
metal and responsible for intercrys- 
talline cracking. This compound not 
present specimens water-quenched 
from 345 Samples treated crack 
transgranularly; Priest al. postulated 
that the transgranular cracking occurs 
the crystal plane which the Fe-Al 
compound segregated. This reaction 
offered several advantages from the ex- 
perimental standpoint. With specific re- 
agent, and under certain experimental 
conditions, the reaction completed 


few minutes. The specimen can 
viewed for the whole duration the 
reaction. The figures this report are 
exposures made looking through 
strips J-1 alloy 0.003 inch thick- 
ness. 

Strips the alloy which have been 
furnace-cooled from the solutioning 
temperature crack intercrystalline 
path when exposed under tensile stress 
the chloride-chromate reagent. The 
X-ray micrograph shown Figure 
represents such crack caught during 
its growth process. The nature the 
cracks formed these furnace-cooled 
specimens differ considerably 
cracks formed “water-quenched” 
cold-rolled specimens. The crack follows 
the severely pitted areas represented 
the light zones Figure After ob- 
serving many such sections has been 
concluded that the chemical contribution 
(as opposed the mechanical) the 
major factor the failure. The deep 
pits are mainly the highly stressed 
areas. Away from the highly stressed 
(and cracked) areas the pitting in- 
frequent. postulated that the tensile 
stress instrumental the destruction 
oxide films existing the alloy sur- 
face allowing the corroding reagent 
attack the alloy proper, Pitting occurred 
accelerated rate because the 
operation local cells, the cathode 


Figure 2—X-Ray photomicrograph stress corrosion cracked magnesium alloy- 
water-quenched from solutioning temperature. 50X. 
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Figure 3—X-Ray photomicrograph aluminum alloy Type 2024 after pitting. 425X. 


being the compound area and 
the anode adjacent solid solution. 
The severe attack occurred only three 
minutes, resulting line pits that 
represented “easy path” through the 

When the alloy water-quenched 
from the solutioning temperature and 
then exposed simultaneously tensile 
stress and corrosion reagent, cracks 
X-ray view this transgranular crack. 
Whereas these samples isolated pits 


are observed, they are 
lower and are not necessarily associated 
with the highly stressed—and cracked— 
zone. The sample pictured Figure 
was exposed for minutes. The chem- 
ical contribution the over-all reaction 
definitely much less than that asso- 
ciated with the 
mens. 


Aluminum Alloys 


The second surface reaction selected 
for study involved the pitting corrosion 


Vol. 


aluminum two phase alloys 
such Type 2024 and 7075 seems 
generally accepted that accelerated 
pitting due the action localized 
galvanic cells. These two alloys well 
Type 1100 were examined after 
immersion for hours sodium chlo- 
ride Only some results ob- 
tained with Type 2024 will men- 
tioned here. Examination the surface 
after exposure with the light microscope 
led the conclusion that the whole 
surface had been pitted rather uni- 
form way. was not possible dis- 
cern any very deep pits. 


Figure X-ray photomicrograph 
high magnification designed show the 
relationship the second phase (dark 
areas) pits (light areas). very 
informative examine these specimens 
with stereo-photography (three-dimen- 
sional viewing). One impressed 
the tremendous roughness the sur- 
face which covered the openings 
small pits. Once underneath the sur- 
face these pits follow devious paths. The 
effect one tunneling rather than 
direct penetration. The dark segregated 
areas Figure are compound 
which The structure re- 
maining after pitting thus resembles 
skeleton composed copper-rich ma- 
terial. These views are good demon- 
stration the classical concept local- 
ized cell action but one must adopt 
new viewpoint considering the sig- 
nificance “pit depth.” 
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Introduction 


TITLE this paper would 
imply that the material contained 
herein could used criterion for 
gas system distribution protection. 
might well point out the outset 
the information contained therein 
based solely the experiences the 
author’s own company. not the 
author’s purpose outline the various 
methods which may used apply 
cathodic protection distribution sys- 
tems, but rather describe detail 
the method used Northern 
Gas Company. Although much the 
material generally accepted stand- 
ard for the application thereof, 
felt that with the volume work that 
has been done this company, some 
the short cuts and operation pro- 
cedures may value companies 
starting such program. 
Northern Illinois Gas 
gan its operation such February 
1954. Prior that date, was part 
the, Public Service Company 
Northern Division the 
Commonwealth Edison Company. 
serves almost 600,000 customers resid- 
ing 260 communities, having popu- 


*% Submitted for publication October 16, 1957. 
A paper presented at a meeting of the 
South Central Region, National Association 
of Corrosion Engineers, Oklahoma City, 
Oklahoma, October 1-4, 1957. 


Major Sepply Poin 
Northern Illinois Gas Company LBOEND 
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General Service Territory » 1957 


Figure 1—Northern Gas Company territory map. 
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lation more than two million people. 
Figure shows this 10,000 mile area 
which located outside the city 
Chicago, and includes its rapidly ex- 
panding subsurban territory. This ex- 
pansion reflected the fact that 
more than 37,000 new services, were 
installed during the past year. The sys- 
tem includes approximately million 
feet main varying size from 34” 


ISOLATE SERVICES 
33° INSTALL 
“Anwooe ule 
NO TEST BOX gk 


Abstract 


The manner in which a gas company ap- 
plied cathodic protection to its gas dis- 
tribution system Topics 
discussed include setting up a basis for 
current requirements, analyzing of ca- 
thodic protection work orders, engineer- 
ing of cathodic protection for new instal- 
lations, protection replacements 
pipe, and cathodic protection of a town 
as a unit. The coordination work done 
yt various sections of the company 
cathodic protection are out- 
line number typical work forms 
used the company cathodic protection 
program are reproduced. 5.2.1 


48”, plus the service pipe off this main. 
Included this system more than 
million feet cast iron pipe. Generally 
the cast iron located the older part 
the system and normally the low 
pressure portion. The steel high pres- 
sure system has borne the brunt the 
expansion and quite naturally has the 
priority the corrosion control pro- 
gram. However, the cast iron not 
entirely neglected the services off the 
cast iron system are steel. 

The author’s company and 
decessor companies have been actively 
engaged the program corrosion 
control evidenced the fact that 
coating and wrapping has been used 
steel pipe since 1930. The benefits 
cathodic protection were not evident 
that time so, just half job was done 


MAIN PROPOSED TO BE REPLACED: (RETIREMENT) 
OWELDED OSCREWED 


LEAK DETECTOR TEST: 
INSTRUMENT READINGS & LOCATIONS. 


NO. OF EXISTING LEAKS INDICATED BAR HOLES_22 LEAKS REPAIRED /5_ 
GENERAL CONDITION OF PIPE = 2 


MAIN PROPOSED INSTALLED: REQUESTED 


No TEST 


CORROSION DEP, 


PROPOSED 2” MAIN 


PIPE TO SOIL READING___ 


Figure 2—Gas main replacement request. 
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| CODE 
——— EXISTING GAS MAIN 
PROPOSED NEW GAS MAIN 
io 1? ANODE WITH TEST WIRE BOX 
—N /7 ANODE WITHOUT TEST WIRE BOX 


17 ANODE INSTALLED AT TIME LEAK 
TO CORROSION REPAIRED 


1? ANODE INSTALLED AT TIME LEAK. 
OVE TO MECHANICAL FAILURE |S REPAIRED 


INSULATING FEATURE WITH TEST WIRE BOX 


TEST WIRE 80X 
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Figure 4—Test point log sheet. 


until program for cathodic protection 
was put effect. 


Corrosion Organization 


1942 the company installed the 
first cathodic protection unit main 
that was very high stray current 
area. From study the benefits 
this installation, another unit 
stalled section main which was 
about ten years old. After analyzing 
the results, was decided that ca- 
thodic protection program 
initiated. 1945, corrosion control 
organization was set up, and program 
was presented the management that 
provided for the application cathodic 
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protection all new coated and 
wrapped installations, all existing main 
supply systems and, eventually, protec- 
tion the complete system, 
engineering department which performs 
all the engineering functions the 
company. 

The first step applying cathodic 
protection the system was set 
basis current requirements. the 
early years the activity, quite 
effort was made conform engineer- 
ing practices obtaining lot 
detail, such information relative 
soil resistance, etc. But, from the data 
obtained large number installa- 
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tions, was found practicable make 
some assumptions, and avoid excessive 
engineering expense. other words 
cathodic protection new installations 
possibly could over-engineered. The 
work load the Corrosion Section 
the past five years has included ap- 
proximately 3000 separate jobs per year. 
have made detail studies each 
job would have taken corps engi- 
neers plus transportation. Therefore, 
short-cut, was assumed that voids 
and poorly coated joints new coated 
and wrapped steel pipe would amount 
approximately percent the sur- 
face area and, 3,000 ohm per was 
taken the average soil resistance. The 
results prove that the engineering econ- 
omy was justified since less than 
percent the installations resulted 
excessive inadequate protection. 

The distribution system many 
types and ages, with the presence 
considerable amount old pipe serv- 
ice. The protection this old steel pipe 
based using 100 percent bare fac- 
tor all steel pipe installed prior 
1930 with graduated percentages being 
used from 1930 1950. Since then all 
new steel pipe installed has been coated, 
wrapped, and cathodically protected. 

Having adopted this rule thumb, 
the next step specify the cathodic 
protection. This done reviewing 
the work order for each proposed main 
extension. this, all work orders 
are routed through the Corrosion Sec- 
tion the Engineering Department. 
order analyze these work orders, the 
Corrosion Section has complete set 
atlas maps. These maps are duplicates 
the Section and Section maps 
used The Engineering Department, 
and are drawn sheets 17” 
cated the maps are the location, the 
size, and the type existing main. For 
use corrosion control, these atlas 
maps have been reduced one half 
size and are printed 11” 
vellum paper, which allows filing 
loose leaf books and simplifies reprint- 
ing the sheets. 

All installed anodes, insulating fea- 
tures, and test points are recorded 
these reductions use codes 
symbols. addition the atlas map 
record corrosion control, log sheets 
are filed with these maps. these log 
sheets each test point recorded show- 
ing the type, the location, the date in- 
stalled, and the pipe soil readings. 


New System Installations 


The engineering cathodic protec- 
tion for new installations done the 
following manner. The preliminary 
sketches and layouts are received 
the Distribution Section the Engi- 
neering Department from the local Di- 
vision organization. This group has pre- 
pared accurate sketches the section 
streets involved, varying from short 
extensions less than 100 feet for one 
customer entire subdivisions for hun- 
dreds customers involving thousands 
feet new main. completion 
the field work the Distribution Sec- 
tion, the sketch showing tie-ins, sizes 
and locations mains, various valve 
installations and the ultimate number 
the Corrosion Section. From the length 
and the size the main, plus the esti- 
mated amount service pipe, 
feet per service, current requirement 
estimate made. reference the 
atlas map, all previous installations are 
reviewed and proper corrosion control 
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recommendations indicated the 
sketch. 

Following the issuance the order 
and the installation, copy the com- 
pleted sketch forwarded the Cor- 
rosion Section that necessary checks 
ascertain the conditions the in- 
stallation may made. era 
ment get all tests made. impor- 
tant, however, that provisions made 
for immediate inspection installa- 
tion that corrective measures may 
taken before the order closed out and 
forgotten. 


Maintenance and Cathodic Protection 


addition designing corrosion 
control for new main extensions, the 
protection all replacements pipe 
means simple job, the adjoining 
pipe variable the system itself 
and requires careful consideration. The 
protection the old existing pipe, 
conjunction with replacement often 
presents problem, which involves iso- 
lation the main plus 
separation from all underground struc- 
tures. many instances the Corrosion 
Section called inspect exposed 
main for which replacement desired. 
This inspection involves pipe soil 
readings, soil resistivity, pit depth, and 
general location and condition the 
main, which helps arriving de- 
cision whether the main should re- 
placed and cathodically protected, 
the leaks repaired and cathodic protec- 
tion installed extend the life the 
The justification main replace- 
ments has too many variables 
into this time, but mentioned 
show included the corrosion 
control work. 

method similar that used protect- 
ing main extension; however, occa- 
sions, desired protect not only 
the main but part the adjoining 
existing main. This done cut- 
ting insulating feature the tie-in 
the old system some 2,000 feet 
3,000 feet back the new main. Any 
such installations are indicated the 
work order part the corrosion 
control recommendations, and order 
issued for anode installation the 
old main and isolation services off 
this main the meters. clarify this 
procedure, the processing typical 
replacement request will followed 
completion. 

Figure shows request indicating 
proposed main replacement. sketch 
this request shows the existing main 
broken lines and the proposed main 
solid heavy lines. After this request 
checked against the existing anode 
installations shown the atlas page 
seen Figure which part the 
atlas showing this particular job loca- 
tion and the cathodic protection code, 
corrosion control planned accordingly 
and indicated this request. then 
sent the Engineering Department 
where field checked and drafted. 
returned the Corrosion Section 
for complete check before being sent 
the Division for construction work. 


The Division returns completed 
work order showing corrected location 
measurements installed main, anodes, 
and insulating features. This copy, sent 
from the Division the Corrosion 
Section, checked and the pipe soil 
readings desired are indicated the 
completed work order rubber 


CATHODIC PROTECTION GAS DISTRIBUTION SYSTEM 


FUNCTION 60343 


DATE DATE SERVICE REQUIRED 

| REMOVE () 


NOD 


MAIN HANKES, AV. HANKES, WENNEMACHER 


HANKES 


INSTALL 

TEST 
SERVICE 


TEST 
INSTALL 
ANODE 

SERVICE 


ISOLATE SERVICES 


THE METER 
WITH TEST SHORT-2LONG 
SERVICE PIPE 
WORK TO DONE BY | OTHER UNDERGROUND ROW PERMITS RECD 
UTHITIES 
| 1. GAS CO. TELEPHONE 
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Figure 5—Work order for cathodic protection. 


stamp. The order then filed the 
active files for the pipe soil readings 
made. The Corrosion Section per- 
sonnel make all first readings and re- 
cord the resultant readings the log 
sheet accompanying this 
This log sheet seen Figure 

Figure shows the work order made 
protect the old main connec- 
tion with this particular request. The 
installation anodes protect the old 
main this type job done 
the corrosion crew, and the work order 
returned completed the Corrosion 
Section. Pipe soil readings are then 
taken and logged. these readings in- 
dicate pipe soil change negative 
0.3 volt the normal unprotected 
pipe soil readings, this section 
considered protected. 


second reading made all test 
points one year after the date in- 
stallation. This done Division per- 
sonel. coordinate this second read- 
ing with the Corrosion Section studies, 
printed copies reduced maps and log 
sheets are sent the Division for read- 
ings, after which they are returned 
stances, after study made unit, 


necessary install additional mag- 
nesium anodes give adequate pro- 
tection. 

Occasionally, low pressure systems 
are converted high pressure systems. 
All such conversion work designed 
the Planning Section the Engi- 
neering Department, and the work 
order routed through the Corrosion 
Section where corrosion control indi- 
cated. company policy test all 
services converted cutting the 
service the main and subjecting 
air pressure test. During this test, 
house are set 
are isolated the meters. Anodes are 
installed this time the services 
indicated the conversion work order. 
addition service testing, all 
mains are repaired before the conver- 
sion, and the pipe exposed inspected 
the Corrosion Section personnel. 
Pipe soil readings, soil resistivity, 
and forth, are made enable revi- 
sion recommendations more cur- 
rent desired. The tie-in high pres- 
sure isolated high 
pressure necessary, and the cut-off 
from low pressure physical. 
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METER INSTALLATION SERVICE REGULATOR 


60-POUNDS MAXIMUM REGULATOR INLET PRESSURE 60 PSIG MAXIMUM INLET PRESSURE 


OUTDOOR 


INSTALLATION OF 3/4-INCH REGULATOR 


TINNED CASE METER, WITH REGULATOR 


OUTLET PIPE OUTLET PI SCS 430.2 
GCS. 610.01 GCS. 610.02 6.C.S.610.03 ADE PREFERRED UNDERGROUND - ALTERNATE 
S-LIGHT 10-LIGHT 5 -LIGHT, DOUBLE METER READING WINDOW 


CWALL OR PARTITION WN: AO} 
A “WALL OR PARTITION 


PLAN 


@) INSTALL REGULATOR AT LOCATION PRESCRIBED IN GCS 310.05 OR GCS 3011 TO GCS 310.5 
PAINT REGULATOR AND FITTINGS WITH RUST PREVENTIVE PAINT 

@ INSTALL GAS TIGHT CASING THROUGH WALL (GCS 302 01 TO 302.05)EXCEPT IF THERE IS NO AIR SPACE WITHIN WALL. 
CASING MAY BE OMITTED.COVER CARRIER PIPE WITH COATING TAPE UNLESS IT PASSES THROUGH CASING ABOVE 


NOTES 
INSTALL WITH TAIL PIECE AND INSULATING GASKET DOWNWARD. 


END OF VENT PIPE SHALL BE IN AN OPEN AND EXPOSED LOCATION AT LEAST i2* ABOVE GRADE.CALK CARRIER PIPE INTO CASING OR WALL WITH JUTE PACKING & FILL REMAINING SPACE WITH 
FINISHED GRADE, PREFERABLY NOT UNDER A WINDOW HORIZONTAL LENGTH OF VENT PIPE NON-SHRINKING CEMENT OR PORTLAND CEMENT GROUT. 
MUST NOT EXCEED 15 FEET UNLESS APPROVED BY OPERATING DEPARTMENT SUPERVISOR @ 4" \S MIN SIZE INSTALL SIZE SPECIFIED ON ORDER FOR INSTALLATION, IF THAT SIZE ISLARGER. FOR 
FOR SERVICE PIPE FROM POINT SEE BUILDING WITHOUT BASEMENT, PIPING FROM THIS POINT DOWNSTREAM SHALL CONFORM GCS 
@ CUSTOMER TO PROVIDE FUEL RUN, ADEQUATELY SUPPORTED OR ANOTHER APPROPRIATE SPECIFICATION FOR INSTALLATION OF LOW PRESSURE SERVICE PIPE 
3 SIDE VIEW SIMILAR TO GCS 61003 @ INSTALL SO THAT RISER WILL BE AS CLOSE TO WALL AS PRACTICABLE. 
(© ALTERNATE POSITION 


© \F CUSTOMER HAS PROVIDED BUILDING SERVICE (GC S 9541) OR ENCLOSED METER LOCATION (GCS 9536) INSTALL 
PIPING DOWNSTREAM FROM THIS POINT AS SHOWN IN DETAIL NO! FOR ENCLOSED METER LOCATION TURN OUTLET PIPE 


QLOCKWISE 270° TO ALTERNATE POSITION SHOWN IN PLAN SEE NOTE 
MATERIALS REQUIRED [610 01 [610 02] ALTERNATE POSITION FOR PIPE ENTRANCE INTO BASEMENT 


NIPPLE 


\> 


‘t FOR DETAILS FROM THIS POINT DOWNSTREAM SEE SPECIFICATIONS FOR METER INSTALL ATIONSIGCS 610.04 AND 


8 |%'-90*- STREET ELL GROKEN LINE INDICATES FACE OF SIDING FOR FRAME WALL 
34" SERVICE REGULATOR- VERTICAL CONNECTIONS 10) ALTERNATE POSITION WHEN ENTRANCE IS NOT IMMEDIATELY BELOW REGULATOR INSTALLATION 
4 CENTER LINE OF ALTERNATE POSITION FOR ENCLOSED METER INSTALLATION. SEE SECTION X-X,NOTE 6. 
E SCREWED INSULATING UNION 2 FOR DETALS OF RESIDENTIAL BUILDING SERVICE SEE GCS 9541 FOR DETAILS OF ENCLOSED METER INSTALLATION 
F [\ GARE STEEL PIPE we Ba SEE GCS 610 24 TO GCS 61027 0R GCS 610.34 TOGCS 610 37 
<? BO" a «(3 OOES NOT APPLY IF METER IS TO BE INSTALLED AT READING WINDOW 
* LATEST REVISION 
VENT CAP 
[a ves 
P |S-LIGHT METER SWIVEL WITH NUT AND WASHER | SERV REG VERT CONN [1 OR EQUIVALENT 
T A METER q 
F 90°STREET ELBOW |* 3 [302] PORTLAND CEMENT AND SANO 
T UGHT METER BAR bik INS UNION BIS [PIPE COATING TAPE | as Reo |_| 
LIGHT METER SWIVEL WITH NUT AND WASHER [ 2°NIP OR LENGTH TOFIT [AS REQ) [34x 4" NP OR LENGTH TO FIT 4 
W | JUTE PACKING, NOT TARRE! as neo] | 


Figure 6—Specification for service isolation. Figure 7—Specification for service regulator installation. 


advisable protect the town unit. pipe exposed, and make any mitigation serious problem. 


This done follows: required revision anode installations. three electrified railroads passing 
First, the patrolmen are given com- Eighth, concurrent with, and com- territory, great deal 

plete set atlas sheets for the area anode installation, pipe effort, and money was 

protected which show the date readings are taken and studied ascer- proper control through the in- 


main installation and the location the the degree protection switches and 
main. complete leakage The majority the drainage done 


made all main and service pipe in- with the polarized relay type switch 
although some drainage done through 


atlas sheets all itiated. This consists installing mag- carefully protected selenium stacks. 
nesium anodes the time leaks are Discussion 
Second, Division personnel with Cor- existing steel mains and 
rosion Section personnel record onthese course, all this type 
atlas sheets all repaired leaks from done maintenance ticket 
tickets file. This check leaks re- the maintenance crew. the most 


paired the main may indicate that these tickets are made from 
survey some pipe installed after surveys prepared patrolmen. 


should made. so, the patrolmen event the leak reported not 


complete this survey and record emergency nature, the ticket filed 


leak readings these the Division active leak file, which 

Third, the area studied allows the Corrosion Section personnel 
Planning Section the Engineering opportunity review number 
Department, and the ultimate pipe tickets, and indicate the ticket 


requirements are indicated type anode installation desired. 


sheets. Instructions for the installation 
Fourth, replacement request anodes connection with 
replace the sections bad repair and maintenance work are 


Service isolation was one the first 
items consideration for application 
cathodic protection the system. 
along with gas main protection, service 
isolation was begun 1948. Prior 
1950 both the regulators and meters 
services off the medium and high pres- 
sure steel system were located the 
basements, location with pro- 
tection from freezing temperatures. 
seen attached specification (Figure 6), 
this type service has the insulating 
feature, currently insulating union, 
installed the riser the meter. 
adjacent the regulator and the 


and issued each crew leader, assuring vent. specifications 
Fifth, plan for cathodic protection anode will installed changed for regulator installations 
made. the time leak repaired the steel after which time they 


Sixth, order isolate all services main completion the outside close the building the 
tion work started. tickets are sent the Corrosion Sec- The meter remains the inside 
tion, and each anode recorded building with the isolation ahead 
connection with the main service been installed, the location the many more test points, thereby 
replacement work, which time box eliminating the locating and upkeep 
Corrosion Section personnel make in- The problem stray electric railway locations over near the main. 
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Seventh, the installation anodes 
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SERVICE PIPE INSTALLATION 
LOW PRESSURE SYSTEM 


1%-INCH UPSTREAM PORTION, FROM MAIN TO OUTSIDE OF BUILDING 


GCS FOR SERVICE CURB VALVE ANODE 
6CS 31021 GCS 310.20 
GCS 310 23 To 310.23 


FINSHED GRADE 


CONNECTIONS TO MAIN 
GCS 310.22 GCS 31020 
310.23 GCS 310.21 


STEEL CAST IRON 
GAS MAIN GAS MAIN PROFILE 


® NOTES 

@ GRADE PIPE UNIFORMLY TO MAIN AFTER INSTALLATION ANO BEFORE CONNECTING TO A GAS- 
FILLED CAST IRON MAIN OR DRILLING HOLE INTO GAS-FILLED STEEL MAIN (NOTE 3) GIVE 
SERVICE PIPE A STAND-UP AIR PRESSURE TEST AT NOT LESS THAN 25 PSIG FOR AT LEAST 
5 MINUTES. THE CONNECTION TO MAIN NEEO NOT BE INCLUDED IN THIS TEST IF IT 1S NOT 
FEASIBLE TO DO SO(ASA 83).18-1955,PAR 84715) AIR SHALL NOT BE USEO FOR TESTING A 
SERVICE PIPE CONNECTED TO A GAS-FILLED MAIN, UNLESS THE MAIN LS STEEL ANO HOLE 
HAS NOT BEEN DRILLED 
ORILL AND TAP MAIN NPT. 
ORILL 1° D/A. HOLE IN MAIN. IF MAIN IS NOT COATED WITH COAL TAR ENAMEL, INSTALL IFLB ANODE (GCS 21304) 
PLACE INSULATING END OF ELBOW ON PLAIN END BRANCH OF STREET TEE 
COVER FITTINGS, CURB VALVE AND AREAS OF DAMAGE TO PIPE COATING WITH COATING TAPE (GCS 666i!) 
INSTALL CURB VALVE, BOX AND BLOCK WHEN REQUIREO BY GCS 300 
PLACE BLOCK WITH GRAIN AT 90° TO SERVICE PIPE 
DRIVE ANODE INTO EARTH UNTIL TOP IS 6° BELOW SERVICE PIPE IF ROCK IS ENCOUNTERED, LAY 
ANODE IN SIDE OF DITCH. ON SHORT SIDE SERVICES, ATTACH LEAD WIRE MIDWAY BETWEEN MAIN ANO 
BUILDING. ON LONG SIDE SERVICES, ATTACH AT CURB NEAREST TO BUILDING. BRAZE WIRE WITH 
THERMIT PROCESS,TO CLEAN PIPE SURFACE TEST CONNECTION BY TAPPING WITH HAMMER 

(9) ALTERNATE POSITION OF ANODE (FOR ROCKY SOIL). 
FOR DETAILS FROM THIS POINT TO INSIDE OF BUILDING, SEE GCS 310 30 TO 310 39 


LATEST REVISION 
QUANTITY 


* 
MATERIALS REQUIRED 


1% BRASS, PLAIN END STREET TEE 


IRON SCREWED PLUG 
1-90" INSULATING BOLTLESS COMPRESSION ELBOW 
Ta STEEL SERVICE TEE FO DIN 

EO CAP 


COMPLETION PLUG 


C&W STEEL PIPE 


(@ BARE MAGNESIUM ANODE WITH #i2 INSULATEO WIRE LEAD 
CURB VALVE 


VALVE BOX WITH ARGEO BASE 
_[wooo 2° 10° 12° 


ERMIT LD CARTRIOGE & COPPER SLEEVE 


COATING TAPE 


Figure 8—Specification for service pipe installation. 


GROUND BED 


yt ANODES VERTICAL ANODES HORIZONTAL 


x x 


SECTION Y-Y 


4 ECTOR 


DETAIL OF CONNECTION 


OR AS SPECHFED — — 


— 


SECTION X-x 


NOTES 
CONNECT COLLECTOR CABLE TO POSITIVE O-C LEAD FROM RECTIFIER ( OCS 219.1) 
DETAILS BEYOND THIS POINT SIMILAR TO PRECEDING ANODE SHOWN BELOW INSTALL NUMBER OF ANOOES 
SHOWN ON CONSTRUCTION DRAWINGS POR INDIVIDUAL PROJEC 
@ DETAK OF CONNECTION 
@® POUR HOT SOLDER JOINT OR WELD BY THEAMITE PROCESS APPLY IN ORDER LISTED, MATERIAL ITEMS 
® TAMP THOROUGHLY 
EARTH BACKFILL 
@ SEE CONSTRUCTION ORAWINGS FOR INDIVIDUAL PROVECT 


Wit #6 INSULATED COPPER 
BNI 


CATHODIC PROTECTION GAS DISTRIBUTIOD 


RECTIFIER INSTALLATION 


ELEVATION 


NOTES 
© SET POST 15° OR MORE FROM NEAREST ELECTRIC POLE 


@ A-C LEADS CONNECT TO SOURCE OF POWER. FOR DETAILS BEYOND THIS POINT SEE OVERHEAD LINE CONST 
SPECIFICATIONS DS. 546 AND OS 270 


@ OCLEADS CONNECT NEGATIVE TO GAS MAIN OR OTHER UNDERGROUND EQUIPMENT, FOR PROTECTION CONNECT 
POSITIVE TO SUITABLE GROUND FOR DETAILS SEE CONSTRUCTION ORAWINOS FOR INDIVIDUAL PROVECT 


@ @RAZED CONNECTION 
© BACK FUL HOLE WITH ORY-Mix CONCRETE 
@ SEE CONSTRUCTION DRAWINGS FOR INDIVIOUAL PROJECT 


Figure 9—Specification for rectifier installation. 


4-6-4 


ANODE INSTALLATIONS 


SINGLE ANODE AND CONNECTION TO PIPE IN SAME EXCAVATION 
6CS 213.03 GCS 213.04 
with TEST CONNECTION ANODE ONLY 


f= > GAS MAIN OR 


SERVICE PIPE 


PLAN 


OR 
AS SPECIFIED 


aS SPECIFIED 


MIN OR 


SECTION X-X SECTION Y-Y 


wores 
TO® REFER TO INSTRUCTION OF SAME NUMBER, GCS 213 . 
BORE HOLE WITH AUGER, 6” MIN DIA FOR READY-PACKED ANODE, 6° Min DIA FOR BARE ANOOE 


LEAVE APPROXIMATELY 6° SLACK IW WIRE 
WIND 2 OR 3 TURNS OF WIRE AROUND LATH OR BOARD TO AIO IN PLACING AND 


LOCATING LOOP 
EXCAVATE AS REQUIRED TO EXPOSE MAIN, (2° MIN DIA FOR BORED HOLE 


GROUND LINE LINE OF EXCAVATION MAIN IS EXPOSED BY 


BORING AND ENLARGING (2° DIA HOLE & 


& LATEST REVISION 


MATERIALS REQUIRED 


[ [OR REAOY-PACKED, wiTH Tw INSULATED WIRE LEAD 
15 THERMITE WELD CARTRIDGE AND COPPER SLEEVE OR EQUIVALENT 


[ G [READY MIX BACKFILL, FOR EACH BARE ANODE 
|INSULATING TAPE AND FRICTION TAPE 


TELECTRICAL SPRING CONNECTOR FOR 2 WIRES, SCOTCHLOK TYPE MOR | | 


Figure 11—Specification for anode installation. 


4-16-53 
: ; 
SAST IRON MAIN] 310.20] 310.21 
STEEL MAIN [310 22/310. 23 | 
| 
q “aS REQ | 
; P | : 
LAS GRAPHITE ANODE | PIPE COATING TAPE OR COLD’ APPLIED. BITUMINOUS COATING 
Figure 10—Specification for ground bed installation. 
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Also since the service entrance into 
building great concern corrosion- 
wise, the use the regulator test 
point gives additional data for full sys- 
tem protection coverage. 

The most acute problem that 
improper testing for isolation serv- 
ices. Each man who sets meters and 
regulators furnished with proper in- 
structions and test lights test the 
effectiveness the insulator. However, 
unless this done properly the time 
installation, one shorted service in- 
variably makes large areas cathodic 
protection application ineffective. With 
the knowledge that this does occur, and 
the enormous amount work involved 
locating the short, insulating fit- 
ting tester has been developed test 
place such fittings. Details this 
tester will presented later date. 

steel services off cast iron main 
specifications call for isolation the 
main and inside the building with 
1-lb bare magnesium anode selected 
location. This shown Figure 
The initial insulating fittings the main 
were mallable, but the last few years 
brass fitting with insulating feature 
has been used. The magne- 
sium anode initially was installed with 
backfill but following actual consump- 
tion data comparison 1-lb bare 
anodes was found that the bare anode 
actually gave longer years 
the presence higher environment 
resistance with the bare anode. This 
tends decrease the loss metal nor- 
mally encountered where the environ- 
ment low resistant and the current 
density low (as will found 


coated and wrapped services.) Actually 
some current checks showed less than 
one milliamp average foot, 
service. 

Protection inter-city connecting 
mains principal supply mains also 
problem. Quite large percentage 
these mains are bare with coating 
questionable condition. Therefore, ap- 
proximately percent these mains 
are protected with rectifiers. This type 
protection was chosen expedi- 
ent, well eliminate some in- 
stallation difficulties encountered 
anode application well-traveled high- 
ways. Specifications for rectifier and 
ground bed installations are shown 
Figures and 10. 


The normally accepted practice 
locating the ground bed the lowest 
soil resistance area available, has been 
followed consistently. Also some 
these rectifier installations old 
smaller abandoned main that paralleled 
the existing main was used 
ground bed. One such installation has 
ground bed eight miles This has 
proven very economical. 


note the installation anodes 
may interest this point. Anodes 
are installed new pipe the Con- 
struction Department the time the 
main laid, but rectifier ground beds 
and magnesium protect the existing 
older pipe are installed the Cor- 
rosion Section four-man crew. They are 
equipped with flat bed truck, having 
independent engine driven auger 
with wiggle-tail features capable dig- 
ging 14” hole 12-feet deep. They also 
have street type truck with all neces- 
sary tools for any situation including 
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compressor, winch, and large water 
storage tank for wetting and puddling 
anodes. The normal installation 
existing main done augering hole 
feet deep, close the main. The 
main exposed for attachment 
anode wire sloughing off the earth. 
The spot for the thermite weld 
cleaned off with scrapers and air 
operated grinder. The thermite mold 
with special wire holding attachment 
and long handle placed and fired with 
hose torch. After cleaning and testing 
the weld covered with mastic coat- 
ing and protective paper. All this 
installation done from ground level. 

The economy such installation 
seen when compared the conven- 
tional method making large exca- 
vation for main exposure and ditching 
from the main for placement the 
anode. Details this are shown 
Figure 11. Installing anodes hole 
feet deep gives excellent results be- 
cause the anode earth having 
more permanent moisture. 


Conclusion 


conclusion, should added that 
35,000 magnesium anodes 50, 32, 24, 
and size have been 
addition some 109 rectifiers and 
drainage switches are operation. With 
these installations, more than mil- 
lion feet main plus the service piping 
off this main have been protected. This 
year, more than 15,000 magnesium 
anodes will installed well about 
40,000 insulating fittings the meters. 
continuing this method, antici- 
pated that the entire steel distribution 
system will cathodically protected 
within the next ten years. 


Any discussions this article not published above 


will appear the June, 1959 issue 


TECHNICAL PAPERS CORROSION WELCOMED 


Authors technical papers corrosion are invited submit them for review without 
invitation the Editor Corrosion. Write for “Guide for the Preparation and Presenta- 
tion Papers” sent free request prospective authors. 
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Comparison Corrosion Engineering 


Materials Engineering Functions 


THE COURSE annual report 

the accomplishments the 
Wyandotte Chemicals Corporation’s Ma- 
terials Engineering Group, data compar- 
ing materials engineering corrosion 
engineering groups several other 
chemical companies were amassed. This 
information presented for general in- 
formation Table where the com- 
parison chemical companies 
shown. This done terms of: (1) 
what department division the mate- 
rials engineering corrosion engineer- 
ing group located; (2) The size 


Submitted for publication June 26, 1958. 
* Wyandotte Chemicals Corporation, Wyan- 
dotte, Michigan, 


Various Chemical Plants* 


GLEEKMAN* 


this group terms the number 
engineers and technicians; (3) The 
method which the various companies 
charge group time; (4) The scope 
group activities terms eight gen- 
eral categories; and (5) Whether not 
annual evaluation economic sav- 
ings made. 

formal conclusions can drawn 
from this table since there are obvious 
variations among the companies. Such 
variations include the number plants 
within the corporation, their location, 
the chemicals manufactured these 
plants, the age the plants, the type 
construction, and the very age the 
materials engineering group within these 
companies. However, the over-all chart 


Abstract 


Tabular information given show 
how chemical companies organize and 
operate their corrosion engineering 
groups. Information given for each com- 
pany includes name of the department in 
which materials engineering 
engineering group is located, size of this 
group terms number engineers 
and technicians, method charging 
time, scope group activities terms 
of eight general categories, and informa- 
tion regarding annual reports on evalua- 
tion of economic savings. 1.7.1 


does serve useful function which 
other chemical concerns may wish 
compare their materials corrosion en- 
gineering groups with the companies 
represented. 

Since many the companies are divi- 
sions major corporations, was not 


TABLE 1—Comparison Corrosion Engineering Materials Engineering Functions Various Chemical 


Plants (As May, 1958) 


SCOPE ACTIVITIES 
Company and Location Eng. Group Eng’r. | Tech. | Charging Time | x S Economic Savings 
Wyandotte Chemicals 
search & Eng Division Projects 
Diamond Alkali 
Cleveland, Ohio....... Central Eng* 1 Overhead! x x x x x x When required 
Painesville, Ohio...... Technical Service 1 No x xX x > x 
Hooker Electrochemical 
Niagara Falls, N.Y.....| Research (including 2 3 214 | Directly to Proj- p x p x x x x x Yes—when requested 
men in operation) ects + Over- 
Columbia-Southern 
(plus Corrosion Also Lubrication & Inspection (Audigage) 
Chemist 
Research part 
time) 
Corpus Christi, Texas....| Technical Director 1 144 Ps x xX x x x Da | 
New Martinsville, W. Va..| Research Lab 1 x x x xX > 4 x | 
Lake Charles, La......... Engineering 1 x x 
Corrosion Engineers meet informally least once year inter- 
change data—quarterly reports circulate 
Monsanto Chemicals 
neering Dept, R. & (+ 1% Staff full full All presented 
Division; (Corrosion men Cor- time time plants 
liaison men all Infor- Does own work area technological development—work usually 
mation Center) originates by request 
Dow Chemicals, Midland, 
Michigan............. Maintenance 7 3 Overhead x x x Yes—regularly 
wit. 
Eng’r. 
Personnel specialize by nature of work 
Freeport, Texas......... Partly in Research and | 8 Overhead x x x x x x x x Yes 
partly in Maintenance 


* Consultant to all company plants 
1By request 
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TABLE 


ASSOCIATION CORROSION ENGIN 


SCOPE ACTIVITIES 


Vol. 


| 


E.I. duPont, 
Delaware : 


General Aniline. & Film 


General Chemical Div, 
Allied Chemical & Dye 
Camden, N.J. 


Ce slanese C peporat ion of 


American Cyanamid: 
New York, N.Y.. 


Stamford, Conn. 
Bound Brook, N.J. 
Lederle, Pear] River, 


N.Y 


Fortier, La. 


1 By request 


3 By plant depts 
4 Limited 


Corporation, Linden, N.J.| 


America, Charlotte, N.C.) 


*Consultant to all company plants 


| Engineering Dept* | 3 


Process Eng 


| Materials Eng 


category is 
handled by 


|plant know-how 


or by Process 
Development) 


1 
(These 


categories by experience) 


Company and Location Eng. Group | Eng’r. | Tech. Charging Time | Economic Savings 
Texas City, Texas. . | Process Development i 2 1 | Overhead ae x Ws f= x x x No 
South Charleston, W. Va.| Engineering Dept 1 Overhead x Some 
Process Dev. (Res) 5 3 Overhead | : | x | 
Institute, W. Va. .| Engineering Dept 1 Overhead Some x Some 
Solvay Division, | | 
Allied Chemical & viniad | Research a 1 General charge | X x Not Eg x > ee | No great detail in- 
Syracuse,N. Y.. (including | order forcorro- | {on large} Now | (minor) | volved 1 
Eng'r.) | directly to problems | | 
plants 
Westvaco Chlor-Alkali, | | 
| | ine. (minor) | on | i 
| insp. | design 7 
| | com- 
Per nn Salt Mfg. Co. | | 75% as overhead) | | 
Philadelphia, Pa. Central Eng (Maint. Sec- | 1 | 25% directly! No XxX No No, Yes, separately for 
| tion) for all plants* (Part Time) B Bes ‘to plants) | | | (major) each specific appli- 
(Plus 12 full time on paints, coatings and cements) cation 
Wyandotte, Mich. Engineering by Plant Eng! bi To plant directly | | No x > No x | ne’ FOS xX 
| Groups at other locations| } | | 
Chauncey, N.Y. No Corrosion Group | (Work in the No 2 ‘e | j 


24 {Directly Assigned | 
Directly 
part time 


activity at Projects 


| various plants) 


Central Eng* 


| 
Engineering or Mainte- 
nance Eng. (corrosion and! 
inspection activities 
usually combine od) 


Eng. and Construction 
Division 

Research Division 
Engineering 


Engineering 


Technical Dept. 


2 By research or plant labs 


considered feasible correlate the size 
the materials engineering group with 
either the annual sales the company 
the number employees; this infor- 
mation was not available for several 


with plant 
maint. 
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| ects or to Engi- 
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torical 


companies 
that separate story could written 
for each company concerned regards 
why they function they do, the his- 
factors 


Recorded but not 
currently reported 


felt 


regarding their present 
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Introduction 

boilers, particularly those high 
pressure power plants where relatively 
pure water used, has occupied many 
pages technical journals, However, 
spite the many man-hours expended 
investigating the causes and solutions 
corrosion problems, boiler plant op- 
erators still experience tube failures. 
This does not mean that research has 
been vain that the problem 
corrosion insoluble one. Actually, 
the problem being solved over and 
over again. long there tech- 
nological progress that permits ever in- 
creasing boiler pressures, temperatures, 
and ratings, corrosion 

Temperature, course, can never 
divorced from the problems corro- 
sion. pressures and tube 
metals become hotter, temperature be- 
comes increasingly important factor. 
The relationship between temperature 
and corrosion more than just qualita- 
tive; the corrosion mechanism may ac- 
tually differ different temperatures. 
This relationship has been investigated 
rather extensively recently learn 
what happens the primary loop 
pressurized water nuclear power plants. 
This investigation provides the basis for 
new way looking boiler tube 
corrosion discussed later. 


Examples Tube Failures 


Corrosion boilers can attributed 
numerous causes. many instances 
there chemical solution the prob- 
lem, Four types corrosion will 
discussed briefly. 

The type corrosion attack some- 
times found boiler economizer and 
downcomer tubes when there sig- 
nificant amount oxygen the feed- 
water shown Figure This prob- 
lem not prevalent once was, 
thanks the efficient operation 
modern deaerating heaters. The num- 
ber recent papers dealing with chem- 
ical oxygen scavengers indicates that 
this problem still exists for the operator 
and water 

Figure represents example 
corrosion beneath deposits iron oxide 
and copper carried into the boiler from 
the condensate and feedwater systems. 
The damage noted here 
with galvanic action set be- 
tween the copper the deposit and 
the tube metal but the result the 
inability boiler water rinse the 
surface beneath the deposit. 
pores the deposit, boiler water solids 
concentrated and dissolved the iron 
oxide layer that normally protects the 


*% Submitted for publication February 12, 
1958. A paper presented at a meeting of the 
Northeast Region, National Association of 
Corrosion Engineers, Pittsburgh, Pa., Nov. 
14, 1957. 


Limitations Chemical Means 
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steel from the action boiler water. 
Although very high concentrations 
sodium hydroxide are particularly de- 
structive the iron oxide layer, the 
presence free caustic the boiler 
water not requisite for this type 
Obviously the best approach 
this problem reduce corrosion 
the condensate and feedwater lines 

shows what commonly 
referred caustic gouging. Previ- 


Abstract 


Five examples boiler tube failures 
caused corrosion are discussed and 
illustrated with figures. Iron migration 
theory briefly covered. Recent data 
boiler corrosion are given to show that 
old theories may need modification to 
consider the corrosive factors presented 
by higher temperatures and greater pres- 
sures boiler operations. The implica- 
tion made that corrosion can occur 
boiler tubes despite the use chemicals 
boiler water. Two chemical methods 
corrosion control are discussed: con- 
trol alkalinity and acid cleaning. The 
conclusion is made that under certain 
operating conditions periodic acid clean- 
ing of boilers is essential if tube failures 
are to be avoided. 7.6.4 


ously deposited sludge corrosion 
products need not play role this 
instance the tube hot enough 
cause high concentrations caustic 
develop the film boiler water next 
the tube, Although this problem 
might corrected reducing the 
heat input the affected region 
improve rinsing, reduction the caus- 
tic alkalinity the boiler water may 

Figure represents attack boiler 
water field weld boiler tube. 
The deposit adjacent the weld iron 
oxide formed place. there were 
foreign deposits the area and the 
heat input the weld was greater 
than elsewhere, stresses created the 
welding process are probably responsi- 
ble for the localized attack. The type 
damage shown here frequently has 
been reduced eliminated raising 
the boiler water alkalinity following acid 
cleaning the The higher alka- 
linity probably resulted toughening 


Figure 1—Pitting of boiler tube caused by oxygen 
in feedwater. 
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Figure 2—Boiler tube damaged concentrated Figure 3—Boiler tube damaged sodium hydroxide 
boiler water beneath iron oxide and copper deposits. concentrated surface excessive heat input. 
uncovering new metal the action 
boiler water. this argument were 
tenable, the newly formed oxide would 
expected grow beneath the old 
and thus fracture it. The extremely in- 
the improbability the oxide remain- 
ing intact under such circumstances. 
res 
Iron Migration Theory 
The oxidation iron water need 
not simple reaction which iron slig 
replaces hydrogen the oxide-metal 
interface but may the result iron 
migrating through the oxide that the 
oxide layer grows from the outside. 
That such phenomenon occurs when 
iron exposed air high tempera- 
ture was first demonstrated 
Douglas and shows that this 
same process can happen when water 
the corroding medium and when tem- 
Figure 5—Dense oxide scab boiler peratures approximate those encoun- 
ating tube which scab-like turns actually pre 
not seen yet may grated inward form iron oxide be- 
of the initially formed iron oxide which may contain these heavy oxide deposits oxide. Douglas and Zyzes find that the 201 
action boiler water iron oxidizes above the diffu 
The type corrosion illustrated oxide are found the mud drum and 
Figure not confused with This specimen does not look str 
attack concentrated boiler water any previously discussed Classical and Recent Corrosion Data 
crevices the weld metal beneath examples. The tube surface does not The fact that the formation iron 
deposits precipitated the orifice the characteristic scattering pits oxide boiler diffusion process lat 
backing rings. The latter types that are associated with oxygen. How- only the rate which iron 
attack are similar that shown eyer, similar oxide deposits through the oxide suggests that ste 
Figure except that some feature have been attributed concern need given the chem- 
the weld itself produces appropriate remedies boiler water. seems, then, that flu 
which boiler water solids can con- ably prevented subsequent difficulty, corrosion the boiler metal will proceed 
centrate. Elimination backing rings but that instance the boilers rate independent the boiler water 
and the use inert gases exclude also acid-cleaned. The importance the boiler not operated that 
oxygen during the welding process help cleaning will discussed later. will dissolve the oxide. There 
relieve this problem producing formation the hard, dense iron dence this statement. 
smooth, welded surface that not con- oxide shown Figure attributed Bloom, Krulfeld, Frazer, and 
ducive the concentration boiler caustic, must assumed that the and Douglas and report data 
water caustic seeped through fractures the show significant difference 
Recent laboratory investigations indi- oxide already formed and concentrated corrosion rates and 10.6 
cate that the chemical approach the oxide-metal interface, constantly 600 after long periods. 
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“igure 6—Effect of hydroxide concentration = corrosion rates for 712-hr. 


exposure at 590 F 


This information may startling 
revelation those familiar with the 
accepted practice maintaining resid- 
ual free caustic boiler water, Valid 
experimental data can given sup- 
port this tradition. Twenty-seven years 
ago Berl and van published the 
results experimental work that indi- 
cated corrosion carbon steel 
function and that minimum 
slightly above 12. Wroughton, Seamon, 
tendencies high purity water the 
primary circuit pressurized water 
nuclear reactors, state that has 
considerable effect upon corrosion rates, 
but they not present data corro- 
sion rates the change corrosion 
rates with time. 


These seemingly contradictory data 
are presented graphically Figures 
and The curve Berl and van 
showing the effect hydroxide 
concentration upon corrosion rates after 
hours shown Figure The 
sodium hydroxide 
produces the least corrosion after 
hours about 600 ppm. otherwise 
pure water, this corresponds 12.2 
showing corrosion rates pure water 
time are given Figure The two 
curves almost coincide, and after 100 
days they become practically 
zontal straight line. Perhaps Berl and 
Van Taack had increased the duration 
their tests, the curve Figure 
would have been nearly horizontal 
straight line. 


The purpose the present discussion 
try determine the significance 
laboratory corrosion data they may 
related the actual generation 
system which there constant heat 
flux through the tube walls and which 
water and possibly washing 
away some the corrosion products. 
With one the data all the 
experimenters mentioned were obtained 
under thermal equilibrium and small 
closed vessels with flow heat through 
the test surface and flow water 
past it. the experiments Wrough- 
water with and without inhibitors 
was pumped continuously through 
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autoclave containing the test specimen, 
thereby removing some the corrosion 
products from the system. This leads 
the inference that the observations 
investigators who conducted their tests 
closed vessels and who found ef- 
fect initial upon corrosion might 
explained the tendency the 
the originally pure water the vessel 
rise corrosion progressed. How- 
ever, states that the capsules 
containing pure water continued show 
hours longer. This inconsistency 
certainly opens question the applica- 
bility bomb-type experiments con- 
ditions existing operating boilers. 
Testing that would permit not only the 
flow water across the surface the 
test specimen but also the flow heat 
through the specimen would provide 
notable contribution research the 
field boiler corrosion. 

Any increase the the corrod- 
ing medium must accounted for the 
presence ferrous hydroxide, 
the corrosion product magnetite, 
little increase would ex- 
pected. While the former compound 
frequently found when corrosion occurs 
room temperature, most investiga- 
agree that the only sig- 
nificant product corrosion the tem- 
peratures for boiler operation. Although 
additional experimental work along these 
lines would welcomed, evidence 
date suggests that within certain limits 
the corrosion rate nearly independent 
the initial pH. 


Test Data Related Boiler Corrosion 


this hypothesis accepted, what 
are its implications regarding the treat- 
ment boiler water high pressure 
systems where heat transfer rates are 
high and water relatively pure? Per- 
haps corrosion cannot prevented 
spite chemicals added. This true 
some extent because there will inevitably 
migration iron through the oxide 
film until one three things happens: 
(a) the film becomes thick that re- 
sists the migration iron ions and the 
rate oxidation becomes negligible, 
(b) the thickening increases the temper- 
ature which speeds the oxidation and 
failure results because metal loss, 
(c) the oxide forms sufficient thermal 


DAYS 


Figure 7—Corrosion rates in pure water at 600 F.% 


barrier cause the tube metal fail 
from overheating. The latter what 
happened tubes adjacent the speci- 
men Figure that contained the mas- 
sive scab iron oxide. 

Although there good evidence that 
corrosion cannot controlled directly 
suitable adjustment boiler water 
chemistry, the manner which the corro- 
sion products precipitate may changed 
that indirect contrel over corrosion 
achieved. The ideal formation iron 
oxide have diffusion barrier suf- 
ficiently thick slow down the rate 
oxidation without providing significant 
barrier heat transfer. Also the forma- 
tion should dense rather than loosely 
consolidated because oxide the latter 
condition would trap steam and water 
which would increase the insulating prop- 
erty the film and perhaps provide 
environment for the concentration 
boiler water solids. 

explaining the observations 
Bloom” that the corrosion rate becomes 
constant after long exposure, Douglas 
and state that iron oxide reaches 
critical thickness beyond which be- 
comes porous and longer offers dif- 
fusion barrier. Thus the diffusion barrier 
remains constant thickness and the 
corrosion rate remains constant. the 
work performed Bloom, the corro- 
sion rate leveled off 
extremely low rate, but the labora- 
tory experiments the temperature the 
metal did not change the oxide be- 
came thicker. conditions inside boiler 
permitted similar phenomenon occur, 
trouble would occur because the porous 
outer layer would continue grow until 
either sloughed off rate equal 
its rate formation until provided 
sufficient insulation for the tube metal 
overheat. Both situations, course, 
are undesirable. Loose iron oxide often 
accumulates tubes inclined toward 
the horizontal and provides trap for 
the concentration boiler water with 
resulting caustic attack, the 
lation simply insulates the tube from the 
boiler water. 


Value Controlling Alkalinity 


There should little doubt the 
minds those who have made numer- 
ous excursions through boilers treated 
with various amounts caustic that 
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high levels caustic alkalinity result 
the formation thin, hard, dense 
layer magnetic iron oxide over the 
steel. residual free sodium hydrox- 
ide throughout the boiler considered 
beneficial because produces tough 
layer reasonable thermal conductivity 
that remains place. striking example 
the general improvement brought 
about increasing boiler water alka- 
linity has already been discussed con- 
nection with the tube damage illustrated 
Figure where attack had occurred 
field welds. 

However, the hard, dense layer 
iron oxide observed Figure itself 
thermal barrier that likely grow 
thicker the observations free caustic 
are correct. Yet without caustic resid- 
ual, the porous loosely consolidated 
iron oxide mentioned earlier will prob- 
ably form and give the usual trouble 
associated with it. 


Value Acid Cleaning 


Another chemical method control 
boiler corrosion acid cleaning. The 
necessity for acid cleaning implies that 
there are limitations chemical treat- 
ment methods. has been the purpose 
this paper point out these limita- 
tions. But acid cleaning should not 
considered last-resort measure for cor- 
rosion control. 

the presence dense iron 
oxide scabs boiler tubes 
explained diffusion process which 
iron migrates from the tube metal through 
iron oxide layer the oxide-fluid 
interface, chemical methods corrosion 


control must re-evaluated consid- 
eration the fact that the only rate- 
controlling factors are temperature and 
oxide thickness. Although chemical treat- 
ment methods may alter the character 
the oxide layer, they will not directly 
affect the rate oxidation. Therefore, 
the best prescription for boilers which 
develop these dense, iron-oxide deposits 
acid clean before oxide formation 
has progressed too far and use sodium 
hydroxide during operation 
tate the oxide its most desirable form. 
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SOME THE 127 who attended the September 24-25 Corrosion Field Tour the 

San Joaquin Valley Section examine valves and header and line pipes taken from 

gasoline plant. Twenty-one field exhibits were visited via bus throughout the Bakersfield, Calif., 
area. Types corrosion seen the tour were discussed general meeting. 


Six Papers Are Added Western Region 
Los Angeles Conference Program Nov. 


Six papers have been added the 
program for the Western Region Eighth 
Annual Corrosion Conference and Short 
Course. One paper listed the tenta- 
tive program the October 
will not presented. Several changes 
have been made the corrosion short 
course. 

The conference will held November 
17-20 the Statler Hotel, Los Angeles; 
the short course will held the field 
November 20-21. 

The paper added the Corrosion 
Aircraft and Missiles Symposium 
Chem-Mill Corrosion Problems 
Rockwell, Chem-Mill Division, Turco 
Products. 

Two papers are being added the 
Marine Symposium: Coal Tar-Epoxy 
Resin Coatings Shideler, Pitts- 
burgh Coke and Chemical Co., and 
Corrosion Mitigation Studies the 
Naval Civil Engineering Laboratory 
Alumbaugh and Brouilette, 
Navy. 

the Petroleum Pro- 
ducing Symposium are Corrosion Meas- 
uring Techniques for Use Water 
Flood Systems Wright, Oil Well 
Research Co., and Corrosion Problems 
Secondary 

additional paper for the Chemical 
Proeess Industries Symposium Stress 
Corrosion Steam Generator Tubing 
White, Westinghouse Flectric Corp., 


and Johnson, National Aluminate 
Corp. 

the Underground Structures Sym- 
posium, paper entitled Development 
Pipe Coating Using Two Plastic 
Whiteneck, Plicoflex, Inc., has been 
added. Problems Water and Sewage 
Utility Company, paper listed 
the tentative program, will not pre- 
sented. 

Additions and changes have also been 
made the program for the Corrosion 
Short Course the Field. The final pro- 
gram follows: 


November 20, Morning 

Chairman: Rasor, Tinker Rasor Co. 

Soil Resistivity Measurements 

Pipe-to-Soil Measurements 
Briley, National Lead 

Sandblasting Pipe 

Mechanical Cleaning Pipe 

Chemical Surface Preparation Pipe 


November 20, Afternoon 


Chairman: Frith, Service Coating 
Corp. 
Plastic Tank Lining 
Vinyl Paint Pipe Application 
Chairman: Hansen, Pipe Linings 
Internal Cement Lining Pipe 
Tape Coating Pipe 


(Continued Page 66) 


Saudia Arabia Oil 
Well Drilling 
Corrosion Discussed 


Corrosion drill pipe Saudi Arabia 
operations and color slides showing 
causes the corrosion were given 
talk Experiences Oil Fields 
Saudi Arabia Maurri Banta Bat- 
telle Memorial Institute. The technical 
program was presented the South- 
western Ohio Section meeting, Septem- 
ber Columbus. 


Preceding the meeting, members made 
inspection tour through the Colum- 
bus Army Depot. The depot handles 
more than 200,000 items, ranging size 
from small springs clam shell buckets. 
particular interest corrosion engi- 
neers was the Care and Preservation 
Section which has the responsibility 
preserving and shipping articles that 
any point the world. Standardization 
packaging studied constantly for 
increased efficiency and lowered costs, 
the group was told. 

fellowship hour and 
ceded the technical meeting. 


Coatings Compared 
San Francisco Section 


Comparative Properties Five Metal 
Protective Coatings the subject for 
the San Francisco Bay Area Section 
meeting November San Francisco. 
Roy Landis, director the Oakland 
laboratories 
the speaker. 


For the October meeting, talk 
High Temperature Scaling the Pres- 
Haycock, Shell Development Co., was 
scheduled. The subject included scaling 
both from the standpoint theory based 
extensive laboratory studies and from 
the practical standpoint. Environmental 
variables which influence high tempera- 
ture sulfide scaling were subject 
discussion with description cur- 
rently used preventive measures such 
corrosion resistant materials. 


Dr. Haycock holds BSc and PhD 
from the University Bristol, England. 
conducted post doctoral research 
the field physical chemistry for two 
years the University California 
Berkeley prior joining Shell Develop- 
ment 1953. Most his work has 
been laboratory research dealing with 
such diverse subjects adsorption 
thin metal films, cathodic protection 
criteria and high temperature scaling 
the presence hydrogen sulfide. 


Paint Thickness Talk Given 


Long gave talk the Im- 
portance Film Thickness Painting 
Metal Surfaces the meeting 
the Southern New England Section 
held Cheshire, Conn. 
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Six Papers 


(Continued From Page 65) 


November 21, Morning 


Chairman: Rasor, Tinker Rasor Co. 
Cathodic Protection Rectifiers 
Holiday Detectors 

Briley, National Lead 

Prewelding and Postwelding Treat- 
ment Pipe 

Phosphate Pipe Priming 

X-Ray Nondestructive Weld Inspec- 
tion 


November 21, Afternoon 


Chairman: Frith, Service Coating 
Corp. 
Internal Plastic Lining Pipe and 
Tanks 
Epoxy Resin Coatings 
Chairman: Hansen, Pipe Linings 
Coating Pipe Field Joints. 


The region trustees will meet 
noon luncheon the St. Louis room 
the Statler Hotel, November 17. the 
program for the banquet held 
the Golden State Room, November 18, 
8:00 p.m., Adventures Science, pro- 
duced the General Electric Co. 

The welcoming address for the con- 
ference will delivered November 
Norris Poulson, mayor Los An- 
geles. 


Corrosion Week Proclaimed 


Proclamation Corrosion Week the 
City Los Angeles during the NACE 
Western Region Conference there was 
made Mayor Norris Poulson. The 
conference will held November 17-19 
the Statler Hotel and will followed 
the Corrosion Short Course the 
field, November 20-21. 

The proclamation calls atten- 
tion the millions dollars lost 
corrosion the Los Angeles area. The 
work NACE and corrosion engineers 
attempts reduce heavy corrosion 
costs industry, utility services and the 
home given the proclamation, 


Proposed Short Course 
Discussed Birmingham 


Election officers, discussion 
progress corrosion short course, and 
plans for revising the section’s by-laws 
were points business the Birming- 
ham Section, September Twenty-nine 
persons were present. 

Officers for 1959 were elected voice 
vote. They are Ralph Cunningham, Steele 
and Associates, Inc., chairman; John 
Paisley, American Telephone and 
Telegraph Co., vice chairman; Marion 
Fink, Tennessee Coal and Iron Division 
Steel Corp., secretary-treasurer; 
and Lawrence Hicks, Southern Natural 
Gas Co., assistant secretary-treasurer. 

Ralph Cunningham reported prog- 
ress the proposed short course. Fol- 
lowing report Van Nouhuys, 
Southeastern Pipe Line Co., based 
experiences previous short course 
sponsored the region, the following 
recommendations were made: NACE 
member who travels throughout the area 
should appointed set the course. 
college should asked co-operate 
only were enthusiastic. professor 
the college metallurgical department 
should contacted. Assistance should 
obtained from NACE members living 
the general area who have had past 
experience setting successful cor- 
rosion short courses. 

Comparison with the by-laws for the 
Southeast Region indicated the need for 
revising the section’s by-laws, was 
stated. vote those present, William 
Garrett, section chairman, was di- 
rected appoint committee for revis- 
ing the bylaws. Ralph Cunningham, 
Marion Fink and John Paisley were 
named this committee. 

Cathodic Protection Projects for Large 
Housing Developments the title the 
technical talk given the last 
quarterly meeting the section 


POLYKEN PROTECTIVE COATINGS 
FEDERATED MAGNESIUM ANODES 


TUBE TURNS PVC FITTINGS 
NATIONAL CARBON ANODES 
ALLEN RECTIFIERS 


ALUMINUM ANODES 


INSULATING MATERIALS 
INSTRUMENTS 


CATHODIC PROTECTION CABLE 


protection co., 


P.0. BOX LONG DRIVE 
HARVEY, LA. 


HOUSTON, TEX. 


held December Steele, Steele anc 
Associates, Inc. will the speaker. 

Technical program for the September 
meeting was talk Deep Well 
Beds—Construction and Maintenance, 
Ralph Hurst, corrosion engineer, Missis 
sippi Valley Gas Co. Mr. Hurst explainec 
the reason for using deep ground beds 
details how they are installed, anc 
some the results obtained. 

Through experience with deep ground 
beds, design installations have been 
changed. Three-inch sixty-inch ‘graph- 
ite anodes with individual No. 
cables are now used, Drilling clay 
pumped down through pipe 
provide low resistance backfill most 
cases. the most recent bed installed, 
coke breeze was added the sludge 
further reduce resistance. However, dif- 
ficulty was experienced the pumping 
operation when the coke breeze clogged 
the pump. now planned use 
screened coke breeze water suspen- 
sion overcome this. 

Before ground bed installed, in- 
formation the soil formation and 
resistance sought from bulletins, pam- 
phlets books published the Missis- 
sippi State Geological Survey and other 
agencies and also from well drillers op- 
erating the vicinity. Records are kept 
all deep ground beds. series 
slides showing step-by-step procedure 
installing the ground beds was shown. 

question-answer session after his 
talk, Mr. Hurst said recommends 
that his company use the deep well 
ground beds even though the cost 
slightly higher for three reasons: (1) 
more economical the long run. (2) 
More stable output and more output per 
volt are obtained because the installation 
below the water line and soil 
lower resistance. (3) There less inter- 
ference other companies’ installations 
because the relative location the 
deep ground bed. 

Attendance those present two 
region meetings, the national conference 
and corrosion show, and joint section 
meeting was encouraged, The meetings 
were Southeast Region Conference, 
Richmond, Va., October 5-7; the South 
Central Region Conference, New Or- 
leans, October 20-24; the NACE 15th 
Conference and 1959 Corrosion Show 
held Chicago, March 16-20; and 
joint meeting the Jacksonville-Miami 
Sections, Miami, November 10-14. 

All corrosion engineers interested 
monthly meetings the Birmingham 
Electrolysis Technical Committee were 
invited attend the meetings which are 
held the first Wednesday each month. 


Kansas City Meetings Set 


Plans for future meetings were dis- 
cussed the September dinner held 
the Kansas City Section. 
sentative from NACE headquarters 
scheduled speaker for November 10; 
Dr. Rowland the University 


Kansas will the guest speaker the 
December meeting. 


Ralph Miller Spencer Chemical 
Company spoke Corrosion the 
Chemical Industry the October 
meeting. 
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GRADES AND PACKAGES 


Technical 
Granular Granular 69-70% 
(99.8% pure) (99.9% pure) (Solution) 


Paper bag 
100 net 


Burlap bag 
(Triotex) 
100 net 


pick 


Fiber Drum 


the grade, 


form and package 
you need 


Drum 
100 net 


Tank Cars 


the Mutual line chromium chemicals 
there grade, form and package each 
product that’s right for you. 

For example, Mutual Sodium Bichromate 
available both Technical and C.P. grades, 
granular and solution form, and variety 
packages insure the most efficient and 
economical application your processing 


Mutual chromium chemicals 


Sodium Bichromate Potassium Bichromate 

Sodium Chromate Potassium Chromate 

Chromic Acid Ammonium Bichromate 
Koreon (one-bath chrome tan) 


SOLVAY PROCESS 
DIVISION 
Broadway, New York 


MUTUAL chromium chemicals are available through dealers and 
SOLVAY branch offices located major centers from coast coast. 


UTUAL SODIUM BICHROMATE 


requirements. Mutual technical service men 
can help you choose wisely and aid apply- 
ing the product your process. 

emergency, your order for any Mutual 
product can transit matter hours 
after placed. This typical Mutual 
service, backed over 100 years America’s 
first producer chromium chemicals. 


SOLVAY PROCESS DIVISION 
Allied Chemical Corporation 


Please send your Bulletin 52, “Chromium 
Chemicals,” return mail. 


Please have representative call. 
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Science Fair Committee 
Appointed North Texas 


Two members the North Texas 
Section were appointed the October 
meeting serve the Science Fair 
Committee the Council Scientific 
Societies. Muehlhause Dallas and 
Gueue Ft. Worth will repre- 
sent the section the Council Com- 
mittee. 

Science Fairs are conducted stimu- 
late interest among high school students 
scientific studies, The Fairs also pro- 
vide science project which may re- 
quire work throughout the school year 
and provide competition scientific 
subjects both local and national 
levels. 


PEARSON-TYPE 
Model PD, Detector 


Tinker Rasor have developed new, 
compact, highly effective, all tran- 
sistor, Pearson-type detector. This 
instrument, the Model PD, produces 
watt, 750 cycle audio signal 
buried pipeline. This signal can 
clearly heard through new T&R 
4-stage, transistor receiver, small 
enough worn the operator’s 
belt. Through sharp filters, this new 


Oscillator 
with Inter- 
rupter 
Signal. 


with TINKER RASOR’S New 


The North Texas Section has been 
asked the Council Scientific So- 
cieties furnish technical assistance 
the high schools and students wishing 
participate the Fairs, furnish 
some financial help defray expenses 
sending winning students contests, 
and furnish qualified judges the 
Fairs. 

new caliper detect and measure 
corrosion tubing was discussed the 
October meeting the North Texas 
Section held Dallas. 

William Boyle, design 
with Otis Engineering Corp., 


engineer 
Dallas, 


explained the new caliper new type 
recording instrument for measuring 
and classifying tubing according in- 
ternal surface 


receiver rejects unwanted cycle 
signals. The receiver weighs but 
oz. and draws 800 micro amperes 
from 4-volt mercury battery. The 
Model detector makes pos- 
sible follow buried pipe, 
locate holidays that pipe’s pro- 
tective coating well any elec- 
trical shorting between the pipe 
and other metal structures. 


All components except oscillator 
storage battery are supplied 
sturdy carrying case. 


Transistorized 
Receiver worn 
operator’s belt. 


Write For Data 


DISTRIBUTORS: Crutcher-Rolfs-Cummings, Inc., Houston, Texas, Remco Manufacturing 


Co., Inc., Tulsa, Oklahoma, Canadian Equi 
Alberta, Bob Herrick, Rentals and Service, 


ment Sales and Service, Ltd., Edmonton, 
larrisburg, Penna., Falcon Line Products 


Corp., Elizabeth, New Jersey * Export Agents: Frazar and Hansen, Ltd., San Francisco. 


Officers Installed 


Officers elected for 1958-59 terms 
the Baltimore-Washington Section wil! 
installed the Section’s meeting 
November 

The officers are: Clifton Burton 
chairman, Research Laboratories, 
Steel Corp., Baltimore; McAmis 
vice-chairman, Washington Gas 
Light Washington, anc 
Herbert Lewis, secretary-treasurer 
Southern Galvanizing Co., Baltimore. 

Two speakers were featured the 
September meeting the Baltimore- 
Washington Section, Preservation Coat- 
ings for Navy Ships and Activities 
the Prevention Deterioration Center 
the National Academy Sciences’ 
Research Council were the topics. 

The details involved the selection 
paints for use Navy ships 
were outlined Leon Birnbaum, 
head the Preservation, Decking and 
Insulation Section, Navy Bureau 
Ships, Washington, The prob- 
lems protecting Navy ship hulls was 
discussed, and information 
being considered for use the Navy 
was given. 

The history and activities the Na- 
tional Research Council the National 
Academy Sciences were presented 
the talk Wessel, director the 
Council’s Prevention Deterioration 
Center. Mr. Wessel discussed depart- 
ment’s work part the Division 
Chemistry and Chemical Technology. 
Supported Armed Forces contracts, 
the Center provides information and ad- 
vice the prevention deterioration 
materials and equipment. 


FRED MEYER, JR. SERVES 
SYMPOSIUM CHAIRMAN 


Fred Meyer, Jr., served 
chairman the symposium cor- 
rosion problems the nvélear field 
the North Central Region Tech- 
nical Program last month Cin- 
cinnati. 

Mr. Meyer head the Corro- 
sion Section, National Lead Com- 
pany Ohio, Atomic Energy 
Commission Fernald Project. His 
section works problems involved 
refining uranium from ore con- 
centrates and application corro- 
sion resistant materials con- 
struction. has been active 
NACE technical committee work 
and presently serves vice chair- 
man T5A-5. 

CORROSION incorrectly ran 
photograph and biographical sketch 
Meyer, Continental Oil 
Co., Ponca City, Okla., pages 
and the September issue. 


Tubing Surveys Discussed 


Interpretation Tubing Caliper Sur- 
veys was the subject talk given 
3en Park, Sun Oil Company, Beau- 
mont, Texas, the September meet- 
ing the Teche Section. 

Most the persons attending the 
meeting also attended the all-day meet- 
ing sponsored the Teche Section 
the inhibitor squeeze method. 

The Teche Section Corrosion Control 
Short Course will held June. 
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Humble’s COREXIT corrosion inhibitors effectively and eco- 
nomically prevent internal corrosion refineries. Injected into the 
product stream, COREXIT establishes protective film metal 
surfaces, assuring 98% protection against the causes internal 
corrosion. Thus lengthens the life expensive equipment and pro- 
longs refinery runs between costly turn-arounds. 


also prevents fouling and promotes thermal 
efficiencies. You can save time and money including COREXIT 


your program for corrosion prevention the refinery. 


Experience proves that COREXIT prevents 98% internal corrosion 
2et- 
Sour crude naphtha Pre-heat trains Fractionation tower 
rerun units crude units overhead systems 


only few cents day, COREXIT will give you 
98% protection against internal corrosion 


Without cost obliga- 
tion, Humble’s Technical 
Service engineers will assist 
you solving your corro- 
sion problems. For engi- 
neering service further 
information COREXIT, 
phone write: 


Humble Refining Company 
Sales Technical Service 

Box 2180 

Houston Texas 


HUMBLE 


HUMBLE OIL 
REFINING CO. 


| Lin 


Kansas City Section Plans 
Corrosion Short Course 


corrosion control short course may 
scheduled after January Saint 
Teresa College Kansas City suffi- 
cient interest shown. The course will 
planned for eight weeks with one 
night class meeting each week. Cost will 
$10 per student. 

Persons interested should write Albert 
Kimmel, Midwest Research Institute, 
Industrial Chemical Section, 425 Volker 
Blvd., Kansas City 10, Missouri. choice 
should given which week night 
would best suit the student. 


SINGLE COPY PRICES 
CORROSION INCREASED 


Effective once the price 
single copies CORROSION 
members the National Associa- 
tion Corrosion Engineers will 
each. The price single copies 
non-members NACE will 
each. 


For issues dated two more 
years past (i.e. all issues dated 
1956 earlier) the price per copy 
members and non-members 
alike. 


Send for complimentary 
copy our recently revised 
booklet Painting 
latest approved practices 
all marine maintenance. 


INTERNATIONAL PAINTS ARE 
UNIFORM ...THE SAME HIGH 
QUALITY EVERYTIME YOU USE THEM 


Send for a — 7 copy 
New Orleans 15, La., 628 Pleasant St., Phone: TWinbrook 1-4435 
an outline of the latest approved 
ractices in all marine main- 
enance. 


¥ 


SAN ANTONIO MACHINE 
SUPPLY CO. 


Harlingen, Texas 
Phone: GArfield 3-5330 
SAN ANTONIO MACHINE 
SUPPLY CO. 
Corpus Christi, Texas-Phone: 2-6591 
TEXAS MARINE INDUSTRIAL 
SUPPLY 


Houston, Texas 
Phone: 3-9771 
TEXAS MARINE INDUSTRIAL 
SUPPLY CO. 


Galveston, Texas 
Phone: SOuthfield 3-2406 
MARINE PETROLEUM SUPPLY CO. 
Orange, Texas 
Phone: 8-4323—8-4324 
RIO FUEL SUPPLY CO., INC. 
Morgan City, La.-Phone: 5033-3811 
ROSS-WADICK SUPPLY COMPANY 
Harvey, La.-Phone: 1-3433 
VOORHIES SUPPLY COMPANY 
MOBILE SHIP CHANDLERY 
Mobile, Phone: HEmlock 2-8583 
BERT LOWE SUPPLY 
Tampa, Florida ----- Phone: 2-4278 


ional Paint Company, Inc. 


Offices: 


New York Y., West St., Phone: WHitehall 3-1188 


So. San Cal., So. Linden Ave., Phone: 6-1440 
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NACE Abstract Service 
Subscriptions Available 


New subscriptions and renewals are 
being accepted for the 1959 NACE Ab. 
stract Punch Card Service. Annual sub- 
scription rate $175. 

Approximately 2000 cards 
each year furnish subscribers with 
comprehensive abstracts the corro- 
sion field from organizations. Each 
abstract card marked for punching 
McBee punch card for topic, 
journal, author and date publication. 
The cards are also pre-punched topically 
for five cross-indices. 

Additional information the abstract 
card service can obtained writing 
Central Offices, National Association 
Corrosion Engineers. 

Some back issues the card service 
are available for sale and can ob- 
tained from the Central Office. 

The annual subscription rate was $100 
per year, but this rate proved inadequate 
support the service cost basis. 
The NACE board directors instructed 
the Executive Secretary last March 
increase the rate $175. 


Cook Memorial Award 
Made Detroit Meeting 


The annual Cook memorial 
meeting the Detroit Section was held 
September 18. McKay Padmos was 
presented the Cook Memorial 
Award for outstanding research the 
field corrosion engineering Wayne 
State University, where has done 
graduate work the Chemical and 
Metallurgical Engineering Department. 

Dr. Gleekman Wyandotte 
Chemicals Corp., spoke the scope and 
activities his company’s materials 
engineering group. Examples corro- 
sion problems encountered with coatings, 
plastics and metals were discussed. 
trip through the Materials Engineering 
Laboratory was made. 


North Texas Section 


Nominations for officers head the 
North Texas Section during 1959 have 
been announced section members 
the nominating committee. Nominees are 
Richard Bender, Plastic Engineering 
and Sales Corp., Fort Worth, chairman; 
Donald Taylor, Jr., Otis Engineering 
Corp., Dallas, vice chairman; Jerry 
Dallas, secretary-treasurer; and Glyn 
Beesley, Dallas Power and Light Co., 
Dallas, trustee. Section trustees are elect- 
every other year. 

Nominees were present the 
October section meeting. Provision was 
made for the candidates nominated 
from the floor the meeting. 


Shreveport Section Meets 


Role the Remote Electrode 
Cathodic Protection Work was the sub- 
ject technical talk scheduled for the 
Shreveport Section meeting, October 
Maurice Riordan Rio Engineering, 
Houston, was selected the speaker 
for the meeting. social hour followed 
dinner was planned. 

index appears December. 
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Maintain flow capacity 


Unicor prevents corrosion pipelines— 
keeps pipelines free scale. With Unicor 
you are assured maintaining maximum 
flow capacity, factor and output. 


Reduce downtime 


Downtime scrape lines and replace filters 
production time lost. Prevent such loss 
with Unicor. keeps equipment free 
products corrosion. 


Cut filter replacements 


What’s your annual bill service and replace 
filters? pretty penny, doubt. You can 
drastically reduce this expense using Unicor. 


Increase equipment 


Tanks, vessels and pipelines stand 
longer when you give them effective 
protection against corrosion. little 
Unicor goes long 
against corrosion from well consumer. 


UNIVERSAL OIL 


Unicor, the preferred oil-soluble corrosion 
inhibitor, can added your product 


any point your operation. Costs less Algonquin Road, 


Plaines, U.S.A. 


than tenth cent per barrel 


product. Write our Products Department 
for detailed information. Ask about 
samples and how test them. 


PRODUCTS COMPANY 


| 
Save dollars 
held 
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ent. 
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ber More Than Forty Years Leadership Petroleum Refining Technology 


CORROSION—-NATIONAL 


Reports the meetings 
the North Central, North- 
east, and Southeast Regions 
will appear the December 
issue CORROSION. .... 


OUR SCIENTIFIC EDUCATIONAL PLIGHT—Fact Fancy, talk Dr. Mayne Longnecker 

Southern Methodist University, was given the North Texas Section meeting held September 

Dallas, Shown from left right are Simmons, Sun Oil Co., section vice chairman; Dr. 

Longnecker; Glyn Beesley, Dallas Power and Light Co., chairman; and Donald Taylor, Jr., Otis 
Pressure Control, Inc., secretary-treasurer. 


Second Annual Shrimp Boil 
Held Teche Section 


The second annual Shrimp Boil and 
Barbecue was held October Lafa- 
yette, La., the Teche Section. 

talk Interpretation Tubing 


The “QUALITY” Line Caliper Surveys Ben Park, Sun Oil 


Co., Beaumont, was scheduled the 

technical program for the September 

meeting held the Petroleum Club. 
Good-All rectifiers are known 


the world over for their long life, 
high quality construction, low Air Pollution Conference 


maintenance and generous de- Held Nov. 18-20 


These features, addition The National Conference Air Pollu- 
policy individual engineer- tion being held the Sheraton Park 
ing service, have built Good-All’s Hotel Washington, D.C., November 
reputation the world’s largest 18-20, according Mr. Head the 
Public Health Service. This interdiscip- 
linary meeting has been called Dr. 
tection Rectifiers. Leroy Burney, Surgeon General, Pub- 
lic Health Service, Department 

Health, Education and Welfare. 


ELECTRIC MFG. CO. The Canadian Region meeting will 


EXPERIENCE can help solve 
YOUR Equipment -Corrosion Problems 


For over years Heil has specialized design- 
ing and fabricating chemical-proof equipment. 
Write for our descriptive bulletins. 


TANKS VESSELS Lined with Neo- 
prene, Vinyl PVC, Heilastic, Rubber, Plastic 


HEAT EXCHANGERS Immersion, Shell 
and Tube 


COATINGS for Steel, Concrete, Wood 


One source 
One responsibility Ducts, Fans, Fume 


back Heil quality. 


CORPORATION 


PLASTICS 
12901 Elmwood Ave. Cleveland 11, Ohio 


SECTION 
CALENDAR 


Shreveport Section, Caddo Hotel. Fel- 
lowship hour, pm. Deep Ground Beds 
for Protection Transmission Lines. 
Kansas City Section. Corrosion 
the Chemical Industry, Ralph Mil- 
ler, Spencer Chemical Co. 
Metropolitan New York Section, 
Newark, Marine Corrosion Panel— 
McGinity, leader. 
Chicago Section. Metallic Coatings, 
David Levinson, Armour Re- 
search Foundation. Joint meeting 
with The Electrochemical Society. 
Vancouver Section. Electric 
Bldg. Auditorium. Corrosion Air- 
craft, Tate, Canadian Pacific 
Airlines. 

Kanawha Valley Section. 

Panhandle Section. 


Dec. 


New York Section. 
New York City. Corrosion Iron 
and Steel, Larrabee, United 
States Steel Corp., Monroeville, Pa. 
Birmingham Section, Cathodic Pro- 
tection Project for Large Housing 
Developments, Jay Steele, Steele 
Associates, Inc. 

Diego Section. 

Vancouver Section. 


Electrochemical Processes 
Discussed Longview 


The electrochemical processes cor- 
rosion were explained Donald Em- 
erick Centenary College, Shreveport, 
the September meeting the East 
Texas Section held Longview. 
pointed out that the corrosive potential 
was determined the primary chemi- 
cal reactions while the secondary chemi- 
cal reactions controlled the corrosion 
rate. 

nominating committee composed 
Simon was appointed present nomi- 
nees for 1959 officers elected the 
November meeting. 

Deadline for news stories 
the tenth the month. 
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Hydrofluoric acid any concentration 


CORRODE 
PIPE 


liner 
thermal equilibrium 
with housing 


Lining completely inert all corrosives. It’s 
made high density, non-porous 


virgin 
Liner and housing are thermal equilibrium 
through exclusive process developed 
Resistoflex. compensates for thermal expan- 
sion differential between the Tefion and the pipe 
housing, eliminating fatigue collapse, and crack- 
ing the flange. 
Reboilers constructed from Type pipe are now 
use handling boiling acid with 
complete safety and maintenance problems. 
Fluoroflex-T Type piping systems can end 
problems for you, too. Bulletin 
® Fluoroflex is a Resistoflex trademark, reg., U.S. pat. off. 
1e 


Complete systems for corrosive service 


LINED STEEL PIPE FLANGED FLEXIBLE HOSE BELLOWS ELBOWS TEES REDUCERS DIP PIPES SPARGERS LAMINATED PIPE 


: 
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NEW COMMITTEE WORK 
PROPOSED ALUMINUM 


Formation unit committee 
under T-2 “Pipe Line Corrosion” 
has been suggested explore the 
possibility cathodic protection 
buried aluminum pipe lines. This 
problem has been relatively unex- 
plored. 

Persons desiring participate 
this committee should write Dr. 
Godard, Aluminium Labora- 
tories, Ltd., Box 84, Kings- 
ton, Ontario, Canada. 

organizational committee 
meeting will held Chicago 
next March sufficient interest 
shown. 


Engineering 
PLUS... 

makes the 

difference 

pipeline 

cathodic 

protection 


‘59 Houston Short Course 
Scheduled for Jan. 22-23 


The annual Houston Section Short 
Course will held January 22-23 
Oberholtzer Hall the University 
Houston. The course will devoted 
primarily the fundamentals corro- 
sion. All interested persons are invited. 
Lecturers and subjects will announced 
later. 


Peddlers’ Meeting Held 


The annual “peddlers” meeting the 
San Diego Section was held September 
Mesa, Cal. Three salesmen 
members gave brief descriptions their 
products. Insulating couplings, paint 
films, plastics, and tapes were discussed. 


corrosion engineers check exposed 
leak area. Here they correlate pipe potential 
and line current measurements for electrolysis. 


takes lot know-how protect pipeline from corrosion. 
That’s why corrosion engineers E.R.P. keep abreast the lat- 
est instrumentation. Whether they are protecting old pipeline 
preventing corrosion new line, they use every modern 
method sure each cathodic system effective possible. 


That’s what makes the difference E.R.P. cathodic protec- 
tion: engineering when the cathodic system designed; when it’s 
installed; when periodic corrosion surveys are made check for 


environmental changes. 


you are looking for pipeline protection, E.R.P. ready 
serve you. For full information write for Bulletin E-47.27. 


ELECTRO RUST-PROOFING CORP. 


A SUBSIDIARY OF WALLACE & TIERNAN INC. 


CATHODIC PROTECTION 
u 


MAIN STREET. BELLEVILLE 9.NEW JERSEY 


CABLE: ELECTRO. NEWARK. N. J. 


NATIONAL and 
and 
SHORT COURSES 


Jan. 12-14—Canadian Region. Sheraton 
Mount Royal Hotel, Montreal, Quebec. 


Feb. 11-13—Canadian Region. Calgary, 
Alberta. 


March 16-20—15th Annual Conference 
and 1959 Corrosion Show. Sherman 
Hotel, Chicago. 


Sept. 29-30, Oct. 1—Western Region 
Conference. Bakersfield Inn, Bakers- 
field, Cal. 


Oct. 5-7—Northeast Region. Lord Bal- 
timore Hotel, Baltimore, Md. 


Oct. 12-15—South Central Region Meet- 
ing, Denver, Col. 


Oct. 20-22—North Central Region, 
Cleveland. 


1960 

Annual Conference and 
1960 Corrosion Show. Dallas, Texas, 
Memorial Auditorium. 


Oct. 11-14—Northeast Region Meeting. 
Huntington, Va. 


Oct. 25-28—South Central Region Con- 
ference, Mayo Hotel, Tulsa. 


1961 


March—17th Annual Conference and 
1961 Corrosion Show. Buffalo, Y., 
Hotel Statler. 


Oct. 24-27—South Central Region Con- 
ference, Houston, Shamrock Hotel. 


1962 


Annual Conference and 
1962 Corrosion Show. Kansas City, 
Municipal Auditorium. 


October Central Region 
Conference, San Antonio, Texas. 


SHORT COURSES 
1958 


Nov. 10-14. Corrosion Short Course. 
Key Biscayne Hotel, Miami. Miami 
and Jacksonville Sections, NACE. 


Nov. 20-21—Los Angeles Section. Cor- 
rosion Underground Structures. 


1959 


January 22-23. Houston Section. Short 
Course Fundamentals Corrosion 
Control. University Houston, Ober- 
holtzer Hall. 


March 31-April 12. Corrosion Control 
Short Course. University Okla- 
homa-Central Oklahoma Section. 
North Campus, University Okla- 
homa, Norman. 


June—Teche Section. Corrosion Control 
Short 


NACE regional and sectional secretaries 
who not have supply already may 
get copies the form 
for Corrosion” from Central Office 
request. The form helps providing 
complete news story concerning meetings. 
The news deadline for the 
tenth the month preceding month 
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“PRUFCOAT PROFILE 
(one series) 


Meet 
Dick Shaffner... 
amember 
the Prufcoat team 
that gives 
practical 
meaning and 
reality 
Prufcoat Service 


big part job,” says Dick Shaffner, Prufcoat 
Northern Division Sales Manager, “is stop corrosion 
before starts!” 


course, Dick’s right. His job—like that every 
Prufcoat man the field—is more than solving corrosion 
and painting problems. Just important, it’s his job 
help his customers avoid corrosion the first place. 
see it—whenever and wherever possible—that corrosion 
never gets chance become “problem.” 


Dick’s careful attention this phase his job comes 
naturally. Ten years experience with major chemical 
company taught him, only practical experience can, 
that once corrosion gets out hand can costly, 
uphill fight get back under firm control. It’s why 
Dick, over the years, has become expert the use 
corrosion resistant coatings—vinvls, epoxies, phenolics and 
many other types—for new construction. 


Dick knows that getting the right coating applied 
the right way the right place the right time the 
only sure way “stop corrosion before starts.” The 
right time very often during plant’s construction. 


NACE NEWS 


And the pre-job and on-job new 
rendered Dick, and the sales engineers his Division, 
provide the other essentials that assure well-protected 
plant—a well-protected plant investment. 


They will study plant requirements, select the best 
coatings for plant needs and help 
specifications. Then, right the job itself, they will 
help make certain the right coatings are applied the 
right places the right way! 


WHY NOT PUT PRUFCOAT SERVICE TO WORK FOR YOU? 
Your Prufcoat representative can help vou plan and execute 


the kind corrosion-control program that will save you 
precious new construction and maintenance dollars 
manv maintenance headaches, too! There cost 


PRUFCOAT LABORATORIES, INC., MAIN ST., CAMBRIDGE 42, MASS. 
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locks vinyl top coats damp 
dry rusted steel 
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This FREE Painting Manual 
can help make your fight 
against 
corrosion 
easier 


Can top coated within hour 


Tygorust Primer licks the big problem using 
based protective coatings: Adhesion. Not only does 


Tygorust assure well bonded top coat the steel 
protect, but does economically. 


Forget sandblasting. Tygorust actually works better 
rusted surfaces. Just wire brush loose flaky rust 
and apply Tygorust. The steel can dry damp 

makes difference. (You can brush spray 
Tygorust dry steel—damp steel should brushed.) 
Use concrete, too. 


You can overcoat Tygorust with any finish material; 
but for real corrosion-resistance, make the finish coats 
Tygon—the corrosion-resistant paint that has stood 
the test time. 


Contains wealth practical data its 
many sections: how simplify surface 
preparation; what top coating use for 
one hundred corrosive conditions; 
how many coats; how maintain coat- 
ings good condition; common spraying 
troubles and how remedy them. It’s 
free request. Ask for the Tygon Paint- 
ing 
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ROZONE-ROSEAL WITHSTANDS 
MOISTURE BETTER THAN ANY 
OTHER NON-METALLIC JACKET! 


CABLE 


PROTECTIVE 
CABLE TAP; 


HOZONE Base? 
INSULATION 


CONDUCTORS 


WET, HOT AND MUGGY! BUT ROME'S 
ROSEAL JACKET CAN TAKE IT! YESSIR, 
WHEN NEED DEPENDABLE POWER 
CORROSIVE ATMOSPHERES, 
SAY ROME'S ROZONE-ROSEAL 

POWER CABLE 


REF ‘ 


POWER 


STEEL MULLS 


WHEREVER CORROSIVE 
EXIST 


Available voltage ranges through Rozone- 
Roseal preferred power cable may 
conduit, underground ducts, directly earth. Your 
choice premium ozone-resistant insulations: Rozone 
(oil-base) Rozone (butyl-base). For complete in- 
formation, contact your nearest Rome Cable representa- 
tive and ask for Bulletin RCD-700. mail the coupon 


ROME CABLE 


IN CORROSIVE AREAS, WE USE 
POWER 
ROSEAL JACKET IS TOPS AGAINST 
OIL, CORROSIVE FUMES, AND MOST 
CHEMICALS 


LOOK,MACK... JUST ABOUT THE 
EASIEST- PULLING JACKET You 
CAN GET. BENOS EASY, TOO... 
EVEN AT BELOW ZERO 
TEMPERATURES 


Photo of conventional rubber spec- Photo of Rozone specimen after 
imen after short-time ozone test. long-time ozone test. 


Rozone insulation high dielectric and impulse 
strength and has excellent resistance corona and 
ozone cutting. 


BULLETIN describes the benefits Rome’s 
preferred high-voltage power cables. 
ROME CABLE CORPORATION 
Department 720, Rome, New York 
RCD-700. 


today. 
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From the Desk Your 


Most Abstract Card Service 

Subscribers Are Satisfied 
survey the subscribers the NACE 
Abstract Punch Card Service made 
July has shown that most subscribers 
are satisfied with the service 
now being conducted. The subscribers 
were asked give their views concern- 
ing several alternative methods pro- 
ducing and issuing the abstract 
mation. 

test search now being made 
the abstract cards file Central 


Hull, Executive Secretary 


Office determine the cost search 
service, its effectiveness, and what 
basis can offered the associa- 
tion extension its abstracting 
activities. 


New Type Style for Corrosion’s Tech- 
nical Section Approved 


Effective with the January, 1959 issue 
CORROSION the size and style 
type used set the section will 
changed. The type will about 
percent larger than the type used 


THE FINAL LINK 
CORROSION CONTROL 


Cathodic protection essential maximum pro- 
tection against corrosion underground and 
underwater pipelines and other metal structures— 
the indispensable link any chain protective 


methods. 


APEX anodes are available in 
3 Ib., 5 Ib., 10 Ib., 17 Ib., 32 Ib. 
and 50 Ib. sizes. Prompt serv- 
ice on bare anode with or with- 
out wire, or complete packaged 
anode with wire and back-fill 
ready for installation. 


Send without 


Our engineers 
consultation. 


APEX SMELTI 


obligation for our folders detailing 


the composition, installation, function and dollar- 
saving performance Apex magnesium anodes. 


are available for qualified technical 


COMPANY 


2537 West Street, Chicago 12, Illinois 


Cleveland Ohio 


Long Beach 10, California 


Vol. 


during 1958. The aim improve legi- 
bility and not increase unduly the space 
occupied the section. 


Readership Survey Results 


July, survey CORROSION reader: 
was made determine the 
popularity the features published 
CORROSION; discover areas inter 
est and indifference; get estimate 
total readership; learn the 
times copies are used; and collec: 
general comments. summary the 
results is: 

additional technical information the 
areas case history data and discus- 
sions fundamentals and mechanisms 
Demand for additional data most 
topics was oriented the industrial in- 
terests the respondents. Several re- 
quests were made for publication 
repetitive basis fundamental informa- 
tion corrosion and corrosion miti- 
gation methods. 

except that there less interest 
Technical Committee Activities and 
NACE News than expected. New Prod- 
ucts third order interest. 

Average readership per copy 3.8. 
More than half keep Corrosion indefi- 
nitely for reference. 

4.4] percent not use the annual 
alphabetical subject index, 

comments that could clas- 
sified, (80 percent) were complimen- 
tary, the remainder critical. 

Miscellaneous comments showed 
definite pattern. 

7.There was marked difference 
the pattern interest distribution among 
the industrial areas tabulated. 


Membership Dues Billed Early 


This year, NACE members will 
billed for their dues October. 
past years, dues invoices have not been 
mailed until December. There lapse 
three four months from the time 
the invoices are mailed until the time 
can with any accuracy determine 
how many members not intend 
pay their dues. The by-laws require 
that all association publications sent 
members for three months after the 
time their dues become arrears. Each 
year, around 1000 copies CORROSION 
are sent those who not intend 
retain their memberships. billing 
members three months before January 


NACE Participates 
Physical Metallurgy Conference 


NACE one four associations cooper- 
ating sponsoring conference 
“Physical Metallurgy Stress Corrosion 
Mellon Institute Pitts- 
burgh, April 2-3, 1959. Other societies 
involved are: The Metallurgical Society 
the American Institute Mining, Met- 
allurgical and Petroleum Engineers; Elec- 
trochemical Society, American Society 
for Testing Materials. The program 
designed provide broad basis for 
presentation and discussion recent 
fundamental advances stress corrosion 
cracking. 

Brooks, Dow Chemical Company, 
Freeport, Texas has been appointed 
President Whiteneck act the official 
NACE representative the conference 
program committee. Attendance will 
limited 400. 


(Continued Page 80) 
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NACE NEWS 


ANY WAY YOU LOOK 
Standard’s HIGH CURRENT Anodes deliver more protection less cost! 


every corrosion engineer knows, the current 
delivered magnesium anodes that stops corrosion. 
Ohms Law reads “Current equals volts divided 
resistance.” Therefore, reducing the resistance in- 
creases the current output and the protection de- 
livered anode. The resistance magnesium 
anode decreases rapidly extending the length 
the anode. 


Standard Magnesium now offers, addi- 
tional cost, line output anodes 
increased length. These anodes pro- 


For complete information describing advantages 
anodes write for FREE booklet 


QUALITY AND DEPENDABILITY THROUGH RESEARCH 


MAGNESIUM INGOT 


duce 50% more current output than conventional 
anodes. Furthermore, that H-1 alloy delivers the 
maximum possible life and protection has been field 
proved over decade millions installations. 


With this new CURRENT anode you save 
installation well original costs since four 
anodes will deliver the current six con- 
ventional anodes. 


sure you are getting the maximum return for. 


your dollar investment. Insist Standard Mag- 
nesium anodes. 
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ALBERT COX CO. 


FOR CORROSIVE USES 


LUZERNE 


HARD RUBBER 


Complete Line 


BUNA-N NATURAL 
RUBBER COMPOUNDS 


Luzerne Buna-N heat-resisting synthetic hard rubber com 


pounds are recommended for handling materials at tempera- 


tures up to 230° F. All the advantages of natural 
rubber pilus added qualities of heat and oil resistance. 


HARD RUBBER CUSTOM MOLDED 


Specialists for over years custom molding hard rub- 
ber parts and components for chemical processing equip- 
ment and installations. Many compounds both Buna-N 
heat resistant and natural rubber available for specific 
services and applications. 


HARD RUBBER PIPE, FITTINGS AND VALVES 


complete line from 

4”. Pipe and 

flanges larger sizes. 

Available heat re- 


standard compound. 
New improved hard 
rubber valves, screw 


screw stem angle anc 
globe valves, threaded 
or flanged. Plugcocks, straightway cocks, bibcocks, pet- 
cocks. Float valves, horizontal and vertical check valves. 


Available in Buna-N heat resistant compound or standar¢ 
compound. 


HARD RUBBER LINING 


Metal tanks, metal pipe and fittings, special intricate meta! 
parts and castings lined and covered with hard rubber 
Special linings available for specific corrosive services. 


HARD RUBBER PUMPS 


Improved mechanical seal eliminates usual packing troubles. 
Capacities 190 foot head. Available Buna-N 
heat resistant compound or standard compound. 


HARD RUBBER BUCKETS, FUNNELS 
AND UTENSILS, HARD RUBBER 
SHEET, ROD AND TUBE 


Write for complete information 


For ready reference look 
in Chemical Engineering Catalog. 


The LUZERNE RUBBER CO. 


Sales Representatives 


FOLTZ CO. 


Chicago, Ill. Houston, Texas 
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1959 Conference and Corrosion Show 


Plans and arrangements for the 
Annual NACE Conference and 1959 Cor- 
rosion Show are virtually complete. 

many technical papers have been 
offered that several symposia have been 
expanded into full day sessions. Nota- 
ble among these the Pulp and Paper 
Industry Symposium. Plans 
made give this symposium wide pub- 
licity the Technical Association 
the Pulp and Paper Industry. 


1960 Conference Plans Progress 


Spalding, Sun Oil Company, 
Dallas has been appointed General Con- 
ference Chairman for the 1960 Confer- 
ence. Gordon Meek, Metal Goods Cor- 
poration, Dallas has been selected 
Mr. Spalding’s co-chairman. Mr. Meek 
also will serve chairman the local 
arrangements committee. 

The exhibition 1960 will held 
the Dallas Memorial Auditorium. The 
Adolphus and Baker hotels have been 
selected joint headquarters hotels 
for the conference. These hotels 
cated across the street from each other 
and two blocks from the auditorium. 
The Adolphus and Baker hotels have 
guaranteed enough sleeping rooms and 
suites house our conference. Hotel 
rooms will available other hotels 
should registrants wish housed 
hotels other than the Adolphus and 
Baker. 


1964 Conference 


Los Angeles and St. Louis have made 
bids for the 1964 Conference, Preliminary 


Vol. 


discussions the location for the 1964 
Conference will held the executive 
committee meeting scheduled Octobe: 
New Orleans. 


Educational Films’ Progress 


The NACE Film Advisory 
has completed the scripts for the film: 
Fundamentals and Pipe Line 
ings. copy the final scripts will 
submitted the executive committe: 
for approval the NACE policy leve 


Paper Available Water 
Purity for Nuclear Plants 


paper the water requirement: 
for nuclear plants available from 
Graver Water Conditioning Co., 
West 14th Street, New York 11. dis- 
cusses the reasons for the extreme water 
purity requirements nuclear cycles 
including considerations efficient heat 
transfer, radioactivity, corrosion, mate- 
rials cycle construction and fuel ele- 
ment fracture. 


Plastic Engineers Society 
Meet Los Angeles 


Meeting the Southern California 
Section the Society Plastics Engi- 
neers being held November Los 
Angeles. Abstracts papers pre- 
sented can obtained from Lloyd 
Dickson, Publicity Chairman, Houghton 
Laboratories, 5920 Smiley Drive, Culver 
City, Cal. 

Deadline for news stories 
the tenth the month. 


now! greater safety and efficiency 


PUMPING CORROSIVE FLUIDS 


tull line pumps specifically designed 
handle corrosive and abrasive fluids the 


GPM range, heads feet. 


longer need you cut down bigger pumps 
range and lose put with unde- 


pendable smaller pumps. 


Bart pumps have fewer parts wear get out 
order. Twelve models, each two materials 
Type Stainless Steel Hastelloy 


almost every application. 


Write for catalog and performance curves. 


Heart the BART... 
the exclusive Flex-Seal! 


minimizes long-prev- 
alent basic weakness centri- 
fugal pump design. Self-adjusting 
wear. Needs external lubri- 
cation. Carbon stator with ceramic 
seat, unexcelled for long wear—or 
zircon filled Teflon stator with 
Stellite Worthite seat for sever- 
est corrosive service. 


cover 


BART MANUFACTURING CORP. 


ELECTROFORMING PIPE LINING COATING PLATERS PUMPS ENGINEERING DESIGN SERVICES 
229 Main St., Belleville New Jersey 


ren 


— 
q 
Coat 
tools 
abc 
Ive 
tio 
the 
Tile 


vater 
ycles 
heat 
nate- 

ele- 


Los 
pre- 
loyd 
hton 


SION 


SOME THE REGISTRANTS the September practical coating school conducted the 
Coating Society the Houston Area are shown here examining the specimen steel plate 
sandblasted during one the demonstrations. Demonstrations other cleaning techniques and 
tools, paint pressure and hot spray equipment and other coatings information were made 
available for the registrants. second session the school was held September 20. 


PVC Materials Used 
Make Time Capsule 


time capsule made unplasticized 
polyvinyl chloride will sealed the 
cornerstone new Kentucky amphi- 
theater near the site where Stephen 
Foster was inspired write “My Old 
Kentucky Home.” Believed the 
first time capsule made this industrial 
plastic material, the cylinder will con- 
tain tributes the composer Presi- 
dent Eisenhower and 
persons. 

Made parts regularly manufac- 
tured for piping used handling cor- 
rosive liquids and gases, the capsule 
was made Tube Turns Plastics, Inc., 
Louisville, Kentucky. 


French Plastic Production 
Increased Percent 


Production plastics France has 
increased percent the last year 
and expected expand 250 percent 
above 1956 totals. new plant the 
Ivory Coast Africa the French 
Overseas Union being constructed 
utilize vinyl, polyethylene, polysty- 
rene, polyester and 
materials the manufacture plastics. 


Publishes Proceedings 


Proceedings the second interna- 
tional conference the peaceful use 
atomic energy will published 
the United Nations. Available pro- 


posed set volumes individual 
volumes, the proceedings will cover such 
subjects production and use iso- 
topes research, use isotopes 
industry, chemical effects radiation 
and basic studies metallurgy and 
ceramics. 


Inco Teaching Fellowship 
Renewed Oklahoma 


$4000 teaching fellowship the 
metallurgical engineering school Uni- 
versity Oklahoma has been renewed 
International Nickel Corp. This fel- 
lowship provides $3000 for graduate 
student William Lorkavic and $1000 
the school for equipment and supplies 
support the student’s work. 

Purpose International Nickel’s fel- 
lowship program encourage stu- 
dents continue graduate study for 
preparation teachers science, par- 
ticularly metallurgy. 


Porcelain Forum Planned 


With the forum theme “Modern Prac- 
tices Porcelain Enameling,” the Por- 
celain Enamel Institute scheduled the 
following papers for presentation its 
November 5-7 Shop Practice Forum 
the University Illinois: metal prep- 
aration pickling procedures—adjust- 
ments for various soils, standardization 
coating thickness gauges, revised 
commercial porcelain 
for domestic hot water service, use 
IBM 704 computer reduce weather- 
ing test data and adhesives for laminat- 
ing panels. 


BOOK NEWS 


Development Improved Corrosion 
Inhibitor for Water-Alcohol Solutions. 
Cole. pages. July, 1956. Of- 
fice Technical Services, De- 
partment Commerce, Washington 
25, Per copy, $2.25. 

effective corrosion inhibitor was de- 
veioped for use with 
injection fluid for aircraft engines. 
inhibits corrosion steel, stainless steel, 
and aluminum alloys; soluble 
methanol, ethanol, water mixtures 
the liquids and lowers surface tension 
the mixtures. 


Preparation Protective Coatings 
Werner and Abelson. pages. 
February, 1958. Office Technical 
Service, Department Com- 
merce, Washington 25, Per 
copy, cents. 

process for depositing alloys serve 
tween the molybdenum and the nickel- 
chromium layer described. After elec- 
trophoretic application, multi-layer 
coatings nickel-20 chromium and 
nickel-bonded columbium and titanium 
carbide provided oxidation and erosion 
resistance. Improvements were made 
coating techniques permit coating 
one operation rather than two, and 
coatings were prepared the 0.5 per- 
cent titanium alloy and wedge-shaped 
pieces with few failures. 


Thin Metals Films Corrosion Indi- 
pages. May, 1958. Of- 
fice Technical Services, De- 
partment Commerce, Washington 
25, Per copy, $2.25. 

This study was aimed filling the need 
for sensitive, easily inspected, eco- 
nomical corrosion indicator which would 
integrate, with respect time, the total 
exposure packaged material cor- 
rosive conditions. examination the 
corrosion properties and rates iron 
and manganese films and the bimetal 
pairs iron-copper and iron-gold 
described. 


Compatibility VCI With Rubber. 
LeMar. pages. September, 
1957. Office Technical Services, 
Washington 25, Per copy, 
cents. 

result this study, VCI (volatile 

corrosion inhibitor) papers are recom- 

mended for the preservation ferrous 
metal items where rubber fabrications 
are integral part the preserved 
item. The papers were found have 
less effect rubbers than most oils. For 
the tests, commercial VCI papers were 
wrapped around samples rubber for- 
mulations. The combinations were ex- 

posed dry and moist aging 130 

Effects the VCI were determined 

analysis volume change, elongation, 

and tensile properties the ruber. 


(Continued Page 82) 
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Wayne Johnson, president, 
and his associates Corro- 
sion Rectifying Co., Inc., are 
well-known corrosion preven- 
tion specialists with head- 
quarters Houston and 
Southeastern Divisional 
fices New Orleans. Their 
work concentrated de- 
signing and installing corro- 
sion rectifying systems for 
pipelines, refineries and cil 
producing companies. Call 
them for prompt and experi- 
enced surveys, systems and 
materials. 


SURVEYS 
FEASIBILITY STUDIES 
DESIGNS 
INSTALLATIONS 
EQUIPMENT 


WAYNE A. JOHNSON 
President 


JAMES T. CONDRY 
Southeastern 
Division Manager 


CORROSION RECTIFYING CO., INC. 


5310 Ashbrook 7-6659 
Box 19177 HOUSTON, TEXAS 


ASRE and ASHAE Vote 
Plans Merge 


The American Society Refrigerat- 
ing Engineers will hold its semi-annual 
meeting New Orleans, December 1-3. 
The technical program will consist 
papers dealing with the refrigeration and 
air conditioning fields plus three con- 
ferences and six forums. 


Members ASRE will vote this 
meeting decide proposed merger 
with American Society Heating and 
Air Conditioning Engineers. Members 
ASHAE will voting December 
Chicago the merger. 


Building Research Meeting 


The Building Research Institute con- 
ference held December 3-4 
Washington, C., will feature infor- 
mation new paints protective 
coatings, methods application, surface 
preparation, deterioration paints and 
special finishes for problem situations. 


Nuclear Congress Planned 


Dates for the 1959 Nuclear Congress 
sponsored the Engineers Joint Coun- 
cil have been set for April 5-10, 1959. 
Meetings will held Cleveland. 


PERIODICALS 


Current Contents Chemical Publica- 
tions. inches. Weekly. Eu- 
gene Garfield Associates, 1523 Spring 
Garden Street, Philadelphia 30, Pa. 
Subscription: Domestic, per year 
$100; Europe and South America, 
$150; Asia, Africa and Australia, $175. 

Tables contents more than 350 
publications, including translations 
Russian and Japanese titles, will 
given this new weekly magazine 
begin publication January. Research 
pure and applied chemistry, engineer- 
ing, operations research and petroleum 
ductions advance current tables 
contents from the magazines will 
used. 


Pakistan Journal Scientific and In- 
dustrial Research. Vol. No. Janu- 
ary, Published quarterly the 
Branch, Pakistan Council 
Scientific and Industrial Research, 
Nazimabad, Karachi, Pak- 
sent the Associate Editor. Annual 
Rs. 15/- post free. Single 
copies: 4/- post free. 

first issue this scientific journal 

represents the efforts the Council 

Scientific and Industrial 

logical information encourage original 
research both pure and applied fields. 

The journal being published 
quarterly, but plans are being made 
develop the publication into monthly 
as SOOT as possible. 

The contents the first issue range 
subjects from nuclear physics, elec- 
tronics and geology biology and 
pharmacy. The entire journal printed 
English. 


BOOK NEWS 


(Continued From Page 81) 


Your Most Important Raw Material. 
Everett Partridge. pages 
inches, paper. May, 1958 Ameri- 
can Society for Testing Materials 
1916 Race Street, Philadelphia 
Per copy, $1.25. 

Presented lecture before the six- 

tieth annual meeting ASTM, this 

book discusses the importance water 
industry. Statistics show the geo- 
graphic distribution water sources 
and the amounts water withdrawn 

One the significant sections the 
book deals with the industrial use 
water coolant. Showing that proba- 
bly percent the water withdrawn 
industry used for cooling, the 
book discusses the topics withdrawal 
versus consumption cooling and once- 
through cooling. 

Other sections deal with water 
means converting energy, transporta- 
tion and by-products. 


Research Power From Fusion and 
Other Major Activities the Atomic 
Energy Programs; January-June 1958. 
Published the Atomic En- 
ergy Commission. 410 pages, 534 
inches, July, 1958. Superin- 
tendent Documents, United States 
Government Printing Office, Wash- 
ington 25, Per copy, $1.25. 

This book divided into two sections: 

major activities the atomic energy 

ducing power from controlled fusion. 

summary also given the AEC 
activities reactor development, con- 
trolled thermonuclear research, indus- 
trial development, education 
ing, production materials and peaceful 
uses nuclear explosives. 


Iron and Steel Dictionary: German- 
English/English-German. Edited 
Verein Deutscher 
collaboration with The Iron and Steel 
Institute. 272 pages. inches, 
imitation 1958. Verlag Stahl- 
eisen M.B.H., Breite Strasse 27, Post- 
schliessfach 2590, Dusseldorf, West 

Germany. Per copy, 12, 50. 

tionary for use the iron 

industries has been published. has 
over 7000 technical terms 
includes important business terms and 
many conversion tables facilitate 
rapid conversion British and Ameri- 
can units into German and vice versa. 


List 600 Papers 


Issued Technical Topics 


list more than 600 tech- 
nical papers given the Second Inter- 
national United Nations Conference 
Peaceful Uses Atomic Energy 
available from the Office Technical 
Services, Department Com- 
merce, Washington 25, C., for 
cents per copy. 

The following research areas are cov- 
ered: chemistry and chemical engineer- 
ing; fabrication fuel elements; geol- 
ogy, exploration and mining; metallurgy 
and materials; nuclear physics; ore 
processing; power reactors; radiation 
effects material; reactor physics; and 
waste 
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To shape the inside of the bromide-bromine liquor pump block, a form i= made 
of plaster of Paris and Styrofoam®. 


The plaster of Paris and Styrofoam material in the form is broken up and removed. 


GENERAL NEWS 


Dow Epoxy Resin 331 (casting formulation supplied by Ren Plastics, Inc.) is poured 
over the form and hardens. 


Main part of bromine pump is installed, ready to operate without wear or corrosion! 


Dow Epoxies help stop corrosion 
for chemical processors 


This corrosion-free pump block adds another the list suc- 
cess stories made possible new, pure Dow Epoxy Resins. 


For years the main parts bromide liquor pumps have 
been made with machined soapstone. Performance was in- 
consistent; the slightest crack seam proved disastrous. 
But now Dow Epoxies open new era efficiency and 
economy for the chemical processing and corrosion fields. 
Easily cast shape without costly machining, the epoxy 
pump blocks are impervious the chemicals involved and 
free from the internal flaws soapstone. 


Have you corrosion problem where Dow Epoxies may 


YOU CAN DEPEND 


help? Write for information and technical help. Dow 
basic producer the raw materials used epoxy pro- 
duction. this way Dow provides raw materials with 
optimum properties produce superior resins, 
quality carefully and provide narrower range speci- 
fications the finished resin—so necessary uniform per- 
formance. For complete information and technical data 
Dow Solid and Liquid Epoxy Resins, consult your Dow sales 
office. write THE 
CHEMICAL COMPANY, Midland, 
Michigan, Coatings Sales De- 
partment 
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TRADE-MARK 


GRAPHITE ANODES ARE 


FOR LONG LIFE... 


BED 24 


STATE HIGHWAY 


°4 WIRE FOR NEG. 


good conductivity for economical 

ground bed design both low 

high resistance soils. Installed with 

graphite particle coke backfill, 

anodes offer low initial 

cost; exceptionally long life. 
National Carbon manufactures 

complete line anodes providing the 

economies graphite all types 

cathodic installations. “National” Graphite Anode Beds 

Protect Miles Bare Pipeline 


1951, corrosion control study was 

sizes plain and Graphite years, and due increased 

NAGraphite AnodeswithTypeQAConnections it. 

Type Anodes Graphite Corporation indicated cathodic 

protection could provided with rec- 

tifier type system save the line. total 

anode ground beds (utilizing 1500 

“National” graphite anodes dia. x60” 

long coke breeze backfill) and rectifier 


units were installed over three year 


period, beds 1952...29 beds 1953 
you not use “National” Graphite Anodes for and the remaining beds 1954. 


protection, try them! believe you'll find The pipe line still operation and 
“NATIONAL” GRAPHITE ANODES ARE BEST there has been significant decrease 


FOR LONG LIFE AND LOW leak frequency since cathodic protection 


CREEK BED 


37 GRAPHITE ANODES 20'C-C 7: 


was installed. 


The terms and are registered trade-marks 
Union Carbide Corporation 


NATIONAL CARBON COMPANY Division Union Carbide Corporation East 42nd Street, New York 
SALES OFFICES: Atlanta, Chicago, Dallas, Kansas City, Los Angeles, New York, Pittsburgh, San Francisco CANADA: Union Carbide Canada Limited, Toronto 
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Adhesives 


Rubber-like Adhesive that will bond 
almost any surface has been an- 
Products Co., Akron, Ohio. Chemical 
attached each molecule the 
naterial compel the adhesive cling 
and join surfaces form lasting 
iew synthetic films all kinds 
netals well paper, wood, glass, 
and other materials without heat 
special surface treatment. 


Aluminum 


Aluminum-clad Homes developed 
National Homes Corp., Lafayette, Ind., 
the first major usage aluminum 
production homes. Available sizes 
925 1700 ft, the dwell- 
ngs are completely faced aluminum 
ind use new aluminum roofing system 
designed and developed Alcoa. 
Named the Viking Line, these produc- 
tion homes cost the same conven- 
tional residences wood, stone brick. 


Unitrace Pipe sizes inches 
being produced now Aluminum 
Larger sizes this extruded pipe with 
integral steam passage are required 
transport economically large volumes 
bulk material such urea, fuel oil and 
asphalt. 


The Fairchild Aluminum Bridge, which 
employs proven aircraft prin- 
ciples and more economical than con- 
ventional spans other materials, has 
passed extensive tests Lehigh 
versity. Designed Fairchild Engine 
and Airplane Corp., 500 Walker 
Washington C., the bridge com- 
petitive initial cost with conventional 
structures. Long-range savings are also 
realized because the aluminum bridge 
will never require paintings. 


Six Aluminum Coal Trailers have been 
built General American Transporta- 
tion Co., Chicago, for Aluminum Com- 
pany America. Designed haul al- 
most tons coal, the trailers were 
weight over 10,000 pounds compari- 
son with similar trailers made steel 
and reduce maintenance costs caused 


Cleaning 


Heavy-duty Cleaner and Degreaser, 
Harco Safety Spray can used for 
degreasing machinery, motors, diesel 
equipment, plant fixtures, tile, floors, 
range hoods, and exhaust fans. The 
spray contains inhibitors prevent rust 


and corrosion all metal surfaces. 
bulletin giving uses and dilution sug- 
gestions available from Harco Chem- 
ical Co., Cranford, 


Enthol 59, non-flammable phospheric 
acid-type cleaner and deruster usable 
most metals. Blended phosphoric 
acid with emulsifiers, solvents and pene- 
trants, the cleaner removes rust, metal 
oxides, oil and grease from metals 
one operation. light phosphate film 
left the cleaner steel and zinc 
base for painting other organic 
finishing. Enthon manufactured 
Enthone, Inc., 442 Elm Street, New 
Haven, Conn. 


Steel Needles the Von Arx Air Gun 
will clean and de-scale uneven surfaces. 
Reciprocating rapidly, the needles con- 
form surface contours and clean 
crevices, holes and corners. The gun 
operates normal air pressure, not 
more than psi. available from 
Marindus Company, Wall Street, 
New York 


Coatings—Organic 


Turcoat 3557, new phosphate material 
for use break-in 
coating, has been developed Turco 
Products, Inc., 6135 South Central Ave- 
nue, Los Angeles Normally used 
break-in coating for moving parts, 
Turcoat can also used for rust-proof- 
ing small parts oiled mass pro- 
duction. also serves foundation 
for paint, and suitable for coating 
pistons, gears, crankshafts, ordnance 
parts, clips, bolts, nuts, fasteners, tools, 
compressor shafts, and lubrication boxes. 


Rustikote, new coating for protecting 
and preserving rusted and pitted iron 
steel surfaces which cannot prop- 
erly prepared for protective painting, has 
been developed Tropical Paint Co., 
Cleveland After loose rust removed, 
Rustikote bonds firmly surfaces and 
pitted areas, setting hard, dense, 
protective film. Tropical chemists say 
that Rustikote effective finish with- 
out additional finish coats. 


Coatings—Metallic 


Pyro-Plates, nickel composition 
paint-like consistency, brushed, dipped 
sprayed any ferrous metal 
copper provide resistance corro- 


sion, oxidation and abrasion. Tests show 
the plating have corrosion resistant 
properties pure nickel plus self- 
quenching action inhibiting continued 
corrosion the plate cut scratched 
through base metal. The metallurgi- 
cal bond fusing the plate into the base 
metal surface prohibits cracking, chip- 
ping, peeling lifting the plate 
found mechanically bonded chemical 


and electrolytic plates. illustrated 
brochure available from TODCO, 
Box 229, Whittier, Cal. 


World’s Largest Galvanizing Kettle has 
been built Lukens Steel Company 
for Valcon Galvanizing, Inc., Natrona, 
inches, the kettle will handle large 
steel trusses, pipe, plates, oil 
tanks, grating, chains, bars, expanded 
metal and other steel structurals. With 
feet head room, large steel mem- 
bers can lifted straight from the 
kettle drained length-wise for 
smoother zinc finishing. 


Containers 


Terne Plate five-gallon safety can 
new oval shape save space being 
manufactured the Protectoseal Com- 
pany, 1920 So. Western Avenue, Chi- 
cago Greater resistance corrosion 
inside and outside surfaces ob- 
tained the use terne plate. 


Fasteners 


Nuts, Bolts, Washers and Lag Screws 
for use under severe corrosion conditions 
chemical plants are being made 
Haynes Stellite Company, Kokomo, In- 
diana, Samples the fasteners made 
Hastelloy Alloy were corrosion tested 
wet chlorine and showed corrosion 
rate only 0.0039 ipy after 15-hour 
test. 


Filters 


Porous Carbon Filter Tubes va- 
riety styles for any type tube 
filtering equipment can supplied with 
any desired internal external machin- 
ing National Carbon Company, 

42nd Street, New York 17, Typi- 
cal configurations filter 
plain open-end, blind end, counterbored 
and blind-end with collar flange. 


Fittings 
Brass Flareless Tube Fitting that 


makes butt joint has been announced 
Imperial Brass Mfg. Co., 6300 
Howard Street, Chicago 48. There 
need spring the tubing make con- 
nections since the butt joint eliminates 


tube entry into the throat the fitting. 
Closer tube bends are possible give 


greater tolerance tube length and 
placement, thus making installation 
speedier. 


Instruments 


Humidity Indicator measure the 
percentage relative humidity air 
available from Abbeon Supply Co., 


(Continued Page 86) 
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179-45B Jamaica Avenue, Jamaica 32, 
range limit 230 

Pneumatic Temperature Controls with 
recording indicating devices avail- 
able from Pratlow Corp., New Hart- 
ford, They actuate air-operated 
throttling valve which controls the flow 
steam, water gas operates other 
air-operated devices. Using 
tricity, they are explosion proof. 


Pressure Blasting Analyzer (PBA), 
instrument designed help workmen 
locate trouble spots sandblasting 
equipment, will accurately measure the 
air pressures pounds per cubic foot 
per minute and also measure the inside 
orifice the sandblasting nozzle use, 
showing the measurement inches and 
the air volume required cubic feet 
per minute. The PBA helps avoid 
such costly operation errors 
rated compressors, improperly designed 
equipment and accessories and ruptured 
liners air sandblast hose. 
available from Oakes Co., 
9102, Houston 11. 


lon Exchange 


Saline Water Conversion Plant 
being used New York restaurant 
produce fresh, potable water for 
drinking, cooking and all restaurant op- 


erations plus air conditioning and boiler 
makeup. The desalter will remove about 
200 undesirable salts each day from 
12,000 gallons brackish well water. 
This unit expected produce water 
operating cost about cents 
per thousand gallons, according the 
manufacturer, Inc., 152 Sixth 
Street, Cambridge 42, Mass. 


Laboratories 


New Research Center that will probe 
wide range related scientific sub- 
jects has been opened Electric Stor- 
age Battery Company Yardley, Pa. 
This center will used for research 
such diverse areas metal- 
lurgy and special membranes for use 
large scale desalting water. 


New Research Laboratory for Tube- 
Kote, Inc., 2727 Holmes Road, Houston, 
for the coating evaluation activities 
the firm has been dedicated. addition 
research oil field tubular linings, 
company specialty for years, the ex- 
panded facilities will allow company 
engineers make recommendations 
concerning protective coatings and spe- 
cialized coatings where needed. The firm 
also handles the coating storage 
tanks, tank cars, trailer tanks and other 
fabricated tanks and piping. 


Metals—Ferrous 


One-piece Wellhead made stainless 
steel for offshore drilling applications 
being produced Cosasco Division 


with the plastic 
pipe you can trust. 


SPECIAL DELIVERY for liquids and gases all branches industry assured 
with Kraloy Rigid Polyvinyl Chloride (normal and high impact) Plastic Pipe... 
with virtually maintenance policing. You install Kraloy forget it. 
That’s why millions feet Kraloy Plastic Pipe are use today, because 
Kraloy PVC inert and can never rust, rot, corrode, not subject electro- 
lytic action, handles abrasives, slurry and most factors, scale resistant. 
Superior flow characteristics factor 150+) permit use smaller diameters. 
Installation costs 50% less, due light weight and ease handling. 


Write for complete information and literature. 

NORMAL AND HIGH IMPACT 
Kraloy Plastic Pipe Co., 4720 Washington Blvd., Los Angeles, 
Subsidiary the Seamless Rubber Co., Rexall Drug Co. Subsidiary 


Perfect Circle Corp., 11655 McBean 
Drive, Monte, Cal. designed for 
installation the ocean floor 
use tideland locations where splash- 
area protection necessary. 


Metals—Non-ferrous 


Zinc Thin Foil being 
American Smelting and 
Company its Central Research Lab- 
oratory South Plainfield, Zin 
deposited electrolytically from zin 
sulfate bath onto revolving drum ani 
then stripped off continuous shee 
uniform thickness. Sheets 0.005 
0.001 inch thickness and inche 
width are being mois 
ture barrier insulating compositions 
the zinc foil has the advantage adher 
ing bituminous materials better 
other metallic foils. 


Beryllium Oxide Shapes designed foi 
new applications the nuclear, 
and missile and electronics industries 
are being produced now 
press and machine operations Beryl- 
lium Corp., Reading, Pa. Beryllium 
oxide’s characteristics—low neutron cap- 
ture cross-section, high thermal conduc- 
tivity, high electrical resistivity and di- 
electric strength—make these machined 
shapes useful the field advanced 
nuclear reactors where temperatures pre- 
clude the use present-day reactor 
materials. 


Beryllium-Copper Tubing small di- 
ameters described Data Memoran- 
dum No. published Superior Tube 
Company, 1714 Germantown Avenue, 
Norristown, Pa. The data include me- 
chanical and physical properties, appli- 
cations, corrosion resistance, production 
limits, heat treatment, fabrication and 
standard size tolerances. 


Pipe Line Equipment 


Paper Molds for coating joints and cut- 
backs are distributed Dearborn 
Chemical Company, 375 Merchandise 
Mart, Chicago 54. The molds are used 
coat joints with the same material 
and manner application mill-coated 
pipe for corrosion protection. They are 
available for standard pipe diameters 
six inches. 


Plants 


Chem-Care Products, Inc., the new 
name for Building Maintenance Supply 
Glendale, Cal. new building 710 
West Wilson Avenue will expand the 
facilities this industrial chemical 
company which supplies hot and cold 
tank cleaners, paint strippers, emulsion 
and solvent cleaners, steam cleaning 
compounds, and de-scaling compounds. 


New Plant produce steel shipping 
pails for Vulcan Containers Bell- 
wood, will open this month Van- 
couver, Canada. The pails are designed 
for paints, chemicals, adhe- 
sives, oil and similar products. 

The New Sodium Chlorate Plant 
American Potash Chemical Corp., 
Aberdeen, Miss., will begin production 
late this year supply chemicals the 
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HERE are several sets typical before and after 
coupon test figures wells now getting Visco 
cut- Treatment. Estimate the tons well 


metal saved Visco Treatment, and you 
used idea the dollars saved labor and replacement 


erial costs... 


Well Maximum Weight 
Before Visco With Visco 
11.00* 0.02 
4.90 0.40 
8.10* 0.86 
7.50 0.08 
These wells receiving treatment. Replaced Visco. 
the ' 1 mil=.001 inch. A corrosion rate of 216 mils per year means that the 
Lical q corrosive attack, if uniform, would have corroded away the entire 
surface the metal depth .216 inches year. However, the 
real danger high corrosion rates, the coupon shows, the much 
sion j deeper cand faster penetration occurring at localized areas. 
ning 
nds. These are not super-success figures. Chances are high 
Visco can equal better these results your wells. 
Phone, Houston, JAckson 8-2495, collect, write for 
VISCO PRODUCTS COMPANY 


Incorporated 


1020 Holcombe Blvd., Houston 25, Texas 


: 
987 
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rapidly growing southern pulp and paper 
industry. Initial production rate will 
15,000 tons sodium chlorate per year 
with provisions for possible expans 
into production perchlorate chemicals 
for high energy fuel applications. 


Two New Buildings will expand the 
facilities the Maloney Com- 
pany, 2301 Texas Avenue Houston. 
One will devoted rubber finishing, 
warehousing the other 


will house production assembly line 


ASSOCIATION CORROSION ENGINEERS 


for pipeline equipment including weld- 
ing, metal fabricating and painting. 

Hexagonal Steel Panels welded together 
and strengthened external support- 
ing tension and compression members 
are being used for the world’s largest 
circular building. Ten stories high and 
384 feet diameter, this dome-shaped 
building will serve regional tank 
car repair and maintenance plant for 
Union Tank Car Company Baton 
Rouge, La. 


Plastics 


Emralon, series dispersions incor- 
porating Pont’s Teflon, has cur- 
ing temperature less than 300 mak- 
ing possible put lubricating, 
corrosion-resistant film wood, rubber, 


plastics, light metal and other heat 
sensitive materials. Available from Ache- 
son Colloids Co., Port Huron, Mich, 
Emralon sprayed, then dried air, 
infrared oven curing. 


Molded Rubber Products used 
the petroleum and petrochemical 
essing industries will available fron 
Rubber Applicators, Inc., 7020 
Katy Road, Houston. Additional equip 
ment has been installed for the develop 
ment materials for specialized appli 
cations where corrosion and contami 
nation are eliminated storag: 
processing. 


Chemiseal, rotating, 
mechanical seal made plastics, seals 
under variety chemical service con- 
ditions, according bulletin issued 
Garlock Packing Company. Chemiseals 
have proved durable when used with 
acids, alcohols, alkalies, hydrocarbons 
and related chemical compounds, The 
seals will operate for years methanol, 
scrubbing oil, hot water, acetic acid 
propionic acid. Additional information 
can obtained writing for Bulletin 
AD-164, Garlock Packing Company, 427 
Main Street, Palmyra, 


drinking cup being manufactured 
Crowns Machine Tool Company, Ft. 
Worth, from insulating, feather- 
weight plastic. The plastic used Dylite 
expandable polystyrene produced 
Koppers Company, Inc., Pittsburgh. Be- 
cause the insulating properties the 
plastic, the cup can held comfortably 
the hand while filled 
liquid. 


Dynel Fabric being used weather- 
proof the exterior surfaces the re- 
inforced plastic radomes the North 
American defense line. Union Carbide’s 
acrylic fiber provides surface resistant 
the effects moisture, sunlight and 
ozone the Arctic climate. The radomes 


are ft. diameter and weigh only 
9000 Ib. 


Linear Polyethylene Buchner Funnel, 
designed for the filtration corrosive 
slurries, being produced American 
Agile Corp., Box 168, Bedford, 
Ohio. Made high density polyethyl- 
ene, the funnel equipped with in- 
clined bottom for drainage and drain 
spigot. 


Condenser Tube Protectors made 
fracture-proof Nylon are being made 
special construction prevent turbu- 
lence. This accomplished the pro- 
tector’s inner wall gradually 
tapers toward the discharge end, pro- 
viding the thinnest possible wall that 
point. The close conformity the pro- 
tector end with the inside diameter 
the tube allows smooth water flow. 
Information available from Crane 
Packing Co., 6400 Oakton Street, Mor- 
ton Grove, 


Three-inch Hose made Pont’s 
Teflon being manufactured Ray- 
bestos-Manhattan, Inc., Passaic, 
Sold under the Flexlon name, can 
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GENERAL NEWS 


SHIPPED 
ONE 


AROUND PIPE 


TIGHTEN 
LARGE 
BOLTS 


PLASTIC 


ALL SIZES: 16” LARGER 


HIGH COMPRESSIVE STRENGTH 
UNIT LOADING EXCESS 8,000 POUNDS 


TREMENDOUS IMPACT STRENGTH 
HIGH DUCTILITY PREVENTS FRACTURING 


MINIMUM WEAR THINSULATOR 
SLIDES EASILY THROUGH LONG CASINGS 


Write for literature all sizes 


BOX 4038 TULSA OKLAHOMA 


REPRESENTATIVES: HOUSTON * AMARILLO * PLAINFIELD, N. J 
JOLIET, ILL. * JACKSON, MICH. * LONG BEACH * SAN FRANCISCO 
“Ay BARTLESVILLE, OKLAHOMA ° SEATTLE e SALT LAKE CITY 
. EDMONTON * TORONTO * VANCOUVER * BUENOS AIRES 
MONTERREY AND MEXICO CITY bs CABIMAS, ZULIA VENEZUELA 
DURBAN, NATAL, S. AFRICA * PARIS, FRANCE * SYDNEY, AUSTRALIA 


SITION 
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FOR CORROSION-RESISTANT 
COATINGS 


PROVEN THE 
PROCESS INDUSTRIES 


STEEL TANK LINING 
CONCRETE TANK LINING 


PROTECTION STRUCTURAL 
STEEL, FUME DUCTS AND 
EQUIPMENT 


CONCRETE FLOORS 
TANK CARS 


PLASITE Protective are 
formulated with combination 
high resistant resins achieve 
highest possible 
tance. 

Epoxy 

Phenolic 
Furane 
Hypalon 


Polyurethane 
Polyamid 
Chemical Rubbers 
Vinyl 


COLD SET COATINGS 

HEAVY BUILD using standard spray 
brush methods. 

WIDE CHEMICAL RESISTANCE acids, 
caustic solvents, salts, de-ionized 
water, and aqueous solutions. 

HIGH TEMPERATURE RESISTANCE not 
affected thermal shock. 

AIR DRY field applications. 

EXCELLENT BOND Primers 
white metal biasted surface. 

HIGH BAKE COATINGS 
STRAIGHT PHENOLICS 
EPOXY PHENOLIC 
PLASTICISED PHENOLICS 


CAULKING COMPOUNDS 


PRIMERS 
HIGH RESISTANT Quick drying. 


HEAT RESISTANT COATINGS 
Temperature 


WRITE today for new 


bulletin No. 258 with com- 
plete details, 


application 
information, with- 
out obligation. 


WISCONSIN 
protective 
REPRESENTED PRINCIPAL INDUSTRIAL AREAS 
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stand temperatures 325 Be- 
cause nothing adheres the Teflon 
tube, can handle caking solutions such 
paints and varnishes. 


Sealants 


Stonlast, new sealing material unaf- 
fected extreme temperatures, expan- 
sion contraction, has been developed 
Stonhard Company, Inc., Philadel- 
phia. will form weather-tight seals 
for cracks and joints concrete, brick, 
metal, wood and other building materi- 
als. 


Surface Preparation 


Sandblasting Efficiency has 
creased with venturi 
nozzle and pulse air gun. The Norbite 
1000-hour venturi nozzle increases sand- 
blasting efficiency percent. Addi- 
tional efficiency can obtained using 
pulse air gun that interrupts the flow 
air and sand 5000 pulsations per 
minute. Remote controls for shutting off 
air and sand the gun are also 
able from_Clementina Ltd., 2277 Jerrold 
Avenue, San Francisco 24. Sales the 
Southeastern and states 
30x 9102, Houston 11. 


Tapes 


Tapecoat, protective coal tar coating 
tape form, will manufactured 
newly formed Canadian company 
Rexdale, Ontario, known 
Company Canada, Ltd. The Tapecoat 
Company Evanston, has supplied 
tape for the gas utility field, telephone 
companies and industry general for 
protecting pipe, pipe joints, couplings, 
tanks, cable and conduit. 


Tubing 


Metal-ceramic Tubing protect ther- 
mocouple furnace has been de- 
erosion, corrosion, and flame impinge- 
ment. Supplied Haynes Stellite Co., 
Kokomo, Ind., the tube has been 
service over six months sulphur 
dioxide gas line operating tempera- 


Valves 


Penton—a product Hercules Powder 
Co., known chlorinated polyether— 
being used lining for valves manu- 
factured Hills-McCanna Co., 4600 
West Touhy Avenue, Chicago. The lin- 
ing gives greater 
chemical resistance valves. 


The University Oklahoma Corrosion 
Control Short Course will held March 


31-April the North Campus, Nor- 
man. 


John Blizard, Howard Coonley, 
Gleason and Ernest 
receive honorary memberships 
the society’s annual meeting Nev 
York December 1-5. Mr. Blizard 
rector research for Foster Wheele: 
Corp.; Mr. Coonley 
engineer; Mr. Gleason board chair 
man for Gleason Works; and Mr. Rob 
inson former structural engineer 
General Electric. 

Earl Wilson, Jr., the manager 
eastern district the Koppers Com- 
pany Metal Products Division. 
direct sales eastern New York 
northern New Jersey and New England. 


e 
Howard Pyle, president Monterey 
Oil Co., has been elected president 
the American Institute Mining, 
Metallurgical and Petroleum Engineers. 
Other officers include Dr. Joseph 
Gillson president-elect and Thomas 
Frick, vice president. 

James Richards, Jr., the new vice 
Industrial Products Co. 

George Best has been appointed 
the American Electroplaters’ Society, 
Inc., liaison member the Inter- 
Society Corrosion Committee NACE. 
Mr. Best has been nominated vice 
president NACE for 1959-60. 


Erich Krayer-Krauss, supervisor in- 
dustrial development and research for 
the Crown Diamond Paint Company, 
Ltd., Montreal, has been appointed 
director the company. has served 
corrosion consultant for the Hun- 
garian government before working 
industry and NACE 


Beale, Jr., has been appointed 
director chemical research Dowell’s 
new research and development depart- 
ment Tulsa. NACE member, Mr. 
Beale has been teaching the Universi- 
ties Richmond, Wyoming, Michigan 
and Toledo prior joining the Dowell 
1953. 


Newton Crum the manager 
Lunkenheimer Company’s Los Angeles 
office. Paul Scherer new sales 
representative the company the 
New York City office. The company 
manufactures valves, 


Dr. John Chipman, professor metal- 
lurgy MIT, has been elected presi- 
dent the Metallurgical Society 
AIME. Dr. Carleton Lond, research 
director for Zinc Smelting Division 
St. Joseph Lead Co., Monaca, Pa., was 
elected vice president the society. 


Joseph Kidd has joined the 

Maloney Company Houston sales 

engineer for the Houston area. will 

serve pipeline and industrial accounts. 


Jerome Hargarten has been ap- 
pointed service manager the Chlorine 
Products Division for the 
ment. will direct activities tech- 
nical representatives and will co-ordi- 
nate metal cleaning work the field. 
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Here’s why Saran lined pipe offers 


GENERAL NEWS 


Corrosion protection continuous saran lined pipe—liquid never touches metal. 


long range economy 


It’s rigid steel with 
corrosion-resistant keeps shutdowns minimum for years 


Looking ahead? your plans call for complete corrosion- 
resistant piping system with low total installation 
system that requires minimum maintenance that’s 
simple modify that can fabricated the field? 


Then will pay you every way look into the genuine 
economy complete system saran lined pipe. 


First, consider the natural advantages the new gray saran 
lining itself. Its lower coefficient thermal expansion and 
contraction more closely approaches that steel. This pro- 
vides broader operating temperature range and greater 


SARAN LINED PIPE COMPANY | Please send me information on: 


Ni 
DEPT. 2000-C-2 Saran lined pipe, fittings and valves. 
2415 BURDETTE AVENUE Saran lined centrifugal pumps. 
FERNDALE 20, MICHIGAN C Saraloy 898 chemical-resistant sheeting. | Address_— 


YOU CAN DEPEND 


resistance thermal cycling. can installed systems 
with operating pressures from full vacuum 300 p.s.i. and 
temperatures 200° Add these advantages the 
immediate availability saran lined pipe, valves, pumps and 
fittings and you have ideal piping system that can 
installed without trouble, waiting hidden costs. 


your plans call for lined tanks, want the advantages 
Saraloy® 898 tank lining added your saran lined pipe 
system. Get the complete story how will pay you 
install complete saran and Saraloy 898 lined system. THE 
DOW CHEMICAL COMPANY, Midland, Michigan. 
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New copper mill installation proves 


Fs 


Two 20” Transite Lines left thickened pulp; 
smaller Transite Line right carries water mill. 


Transite Pipe withstands variety aggressive 
service conditions new dual process system 


with the problem mining 
lower grade ore, Inspiration Con- 
solidated Copper Co., Inspiration, 
Arizona, switched dual-process 
ore extraction—an efficient, profit- 
able process. But one that seldom 
matched the range and severity 


services piping system must 
withstand. 


That’s why Inspiration’s engineers 
specified more than 80,000 feet 
Pipe for the system. Ex- 
perienced users Transite, they 
know its rugged, asbestos-cement 
formulation assures money-saving 
economic life the new system’s 
many services. 20” diam- 
eters, Transite brings two qualities 
raw water into the plant; transfers 


liquids within the plant, including 
acid and alkaline solutions; carries 
pulps before and after thickening; 
and finally, Transite distributes the 
tailings. Fluids carried the Trans- 
ite System range 54% solid. 


Then, Transite’s performance 
advantages, add its installation econ- 
omy. Its Coupling speeds 
and simplifies assembly, gives you 
tight, lasting seal every joint 
the line. Lightweight, Transite 
quickly, easily handled, requires 
special handling equipment only 
the larger diameters. 


Let send you informative book- 
lets, TR-160A, Transite Pressure 
Pipe and TR-51A, Transite for Mine 
Service. Address Johns-Manville, 
Box CO, New York 16, 


Ring-Tite Coupling 


speeds and simpli- 


fies installation. 
Cutaway shows 
how rubber 
are locked grooves 
give you tight, 
yet flexible seal. 
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Controlling Corrosion 
OFFSHORE PLATFORMS 


and some typical costs 
installation* 


FFSHORE Steel platforms are 

subjected the same corrosive 
conditions steel pilings sea water 
and are expected last from 
years. Corrosion coupons and weighed 
samples taken from pilings show 
typical corrosion profile. Established 
corrosion rates the respective zones 
without adequate corrosion control 
measures are mpy below water; 
mpy the splash zone; and 
mpy the atmospheric zone. Steel 
replaced offshore costs over three times 
much steel installed onshore; that 
is, about $.50 per pound offshore com- 
pared $.14 per pound onshore, Con- 
sequently, necessary that corrosion 
mitigated the useful life 
platform equal the economic life 
the wells. 

Corrosion the submerged zone 
attributed galvanic corrosion around 
welds, solution steel resulting from 
stray currents and reaction between 
steel and the chemicals the elec- 
trolyte-laden, low resistivity water. Cor- 
rosion the splash zone results from 
galvanic action resulting from small 
differences the metal and from poten- 
tial differences different levels appar- 
ently resulting from varying oxygen 
concentrations. Corrosion this zone 
aggravated mechanical damage from 
floating debris and boats. Corrosion 
the atmospheric zone results from re- 
action between oxygen the air and 
the steel the presence salt water 
spray water condensed from the 
humid atmosphere. 

Cathodic protection the most suit- 
able means protecting the submerged 
areas from corrosion. Because the ex- 
tremely low resistivity seawater, bare 
steel can polarized within reason- 
able time with galvanic (magnesium) 
anodes calculated provide initial 
per square foot, which later reduced 
about milliamperes per square foot. 
Initial current density required depends 
upon the geographical location the 
platform. Cathodic protection systems 


% Adapted from a paper “Paint Maintenance” 
by R. M. Robinson, Continental Oil Co., 
Houston, given at the April 1-3, 1958 Uni- 
versity of Oklahoma Corrosion Control Short 
Course and at the October 20-24, 1958 South 
Central Region National Association of Cor- 
rosion Engineers Conference at New Orleans. 


are designed provide protection for 
two two and one-half years, 

barrier coating indicated for the 
splash zone because cannot pro- 
tected cathodically. Ordinary paint films 
will not suffice because the mechan- 
ical damage and difficulty maintain- 
ing them against the almost constant 
wetting. considerable capital invest- 
ment for more permanent type pro- 
tection this zone can justified. 
number wrappers including tapes, 
glass fiber-plastic materials and rubber 
have been tried. Several companies use 
additional steel thickness, but Continen- 
tal prefers use 18-gauge economy 
Monel sheathing, welded into place 
average cost per square foot 
installed. Recent corrosion damage 
measurements the splash zone 
platforms two offshore operators has 
indicated that properly applied Monel 
sheathing will control corrosion this 
area more effectively than the steel 
doubler plating the various tapes. 


Because the greater area involved 
and the less severe corrosive environ- 
ment, however, less expensive barriers 
than Monel must used the atmos- 
pheric zone. Because this zone also 
the most accessible, coatings requiring 
periodic maintenance can utilized. 
Frequent maintenance cannot toler- 
ated because the high cost offshore 
coating work (about $1000 $1200 per 
day for boats, labor, equipment and ma- 
terials) and the high lost time factor for 
weather (15 percent depending 
upon the season and location). 


Good Design Essential 


discussion with construction engi- 
neers will assure that the best design 
for operational efficiency and corrosion 
control adopted, Jackets built tub- 
ular members only have “blind” 
spots difficult protect cathodically. 
Tubular members the splash zone 
(except for the expendable boat land- 
ings) minimize the difficulty applying 
Monel sheathing. Because corrosion rate 
greater this zone, the number 
structural members should the mini- 
mum for necessary strength. This can 
horizontals below water where they can 
protected cathodic protection 


Abstract 


After considering general the prob- 
lem of protecting an offshore platform 
seawater, some suggestions are given 
concerning proper design. 
vinyl painting system is described and 
recommendations are made concerning 
specifications, inspection during and after 
initial painting. Methods used to protect 
old equipment are listed and data are 
given example 5-year corrosion 
control costs on an offshore rig. 5.4.5 


above the splash zone where they can 
maintained with coatings. 

The design should avoid difficult-to- 
paint areas the atmospheric zone. 
Plates should cover corners where wide 
flange beams are connected with tubu- 
lar members and seal welding included 
for deck support angles. Total surface 
areas can reduced minimum 
using many tubular members 
strength requirements permit and 
using few large rather than many 
small members. All handrails, gratings 
for cellar decks and other small items 
which cannot maintained easily 
painting should galvanized. 

review the environment during 
and after drilling period the atmos- 
pheric zone drilling platforms shows 
that coating for this zone must ex- 
hibit the following properties: 

Resist undercutting around failed 
areas holidays, high (12.5-13.5) 
mud, lifting tendency drying mud, oil 
and grease spills, abrasion from acci- 
dental blows with tools all types, sun- 
light with resultant alligatoring, chalk- 
ing and checking cracking. 

quick drying. 

Have non-permeable film that can 
maintained economically periodic 
maintenance. 

Preferably have fire-resistant dry film 
which pleasing appearance and 

economically priced. 


Vinyl Materials Are Suitable 


Among various types maximum- 
resistance coatings suitable vinyl mate- 
rials (modifer consisting primarily 
vinyl acetate and vinyl chloride) offer 
the most promise. The vinyls have the 
necessary chemical resistance and, being 
lacquer type can rejuvenated 
infrequent overcoating with refresher 
coats the vinyl solvent, which 
characteristic lends them periodic 
maintenance. However, vinyls have poor 
adhesion steel, low film build per 
coat and comparatively poor resistance 
abrasion they require very good 
surface preparation and number 
coats with different individual proper- 
ties assure complete, satisfactory 
film. overcome these deficiencies, 
vinyls usually are applied “systems” 
over sandblasted surfaces. 

suitable five-ccat vinyl system for 
offshore platforms is: 

acid primer prevent early rust- 
ing cleaned surfaces and improve ad- 
hesion, 

One “build” coat containing in- 
hibitive pigment such red lead red 
iron oxide and flake mica increase 
the film build; 

One build coat containing flake mica 
increase film build. 


(Continued Page 94) 
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Offshore Platforms— 


(Continued From Page 93) 


One “mastic” coat containing flake 
mica and fibrous asbestos increase 
the film and abrasion resistance; 

And “thin-film” finish coat bind 
the coating system together, afford 
smoother more easily cleaned surface 
and the desired finish color. 

This coating system has thixotropic 
nature which makes cover better than 
some the other vinyl systems 
edges and welds, which very impor- 
tant for the welded steel offshore plat- 
forms. Furthermore, this system has 
given good service offshore the past. 

Application specifications should de- 
scribe the coating minute detail, 
including any expected problems the 
application the various coats, drying 
time, film thicknesses, ambient condi- 
tion limits regard humidity and 
temperature, application equipment re- 
quired and application techniques. Colors 
intermediate coats should differ 
that full coverage can assured and 
that misleading indications rust 
colored intermediate coats will min- 
imized maintenance. 


The current tax structure such that 
capital investment for painting new in- 
stallations not always 
tax-wise later paint maintenance, the 
cost for which can considered 
expense item. Consequently, 
nomic analysis should presented 
management obtain proper funds for 
the proposed paint work. The engineer 
should remember that additional coat 
cost during the initial work than any 
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time thereafter. This time econ- 
omize coatings because cheaper 
paint not necessarily more econom- 
ical. Also proper coating system will 
prevent possible metal loss before main- 
tenance begins. 


Continuous Inspection Wise 

Whether the painting done con- 
tract company personnel, continuous 
inspection very wise. Expected 
more conscientious than contract work- 
ers, even company personnel sometimes 
may try coat “just few more square 
feet” when the ambient conditions are 
not proper, neglect surface prepa- 
ration. The best surface preparation 
and coating application specifications 
are benefit unless they are strictly 
followed. Good inspection instrumenta- 
tion required and should include such 
items sand sieves, coating thickness 
gauges, holiday detectors, magnifying 
glasses and camera. 

After the painting completed, the 
installation should excellent con- 
dition. However, will not stay this 
way without diligence the part the 
corrosion engineer. system regular 
inspection, with detailed records the 
conditions the various sections 
the time each inspection, should 
adopted. The first inspection very im- 
portant and should scheduled soon 
after the installation placed service. 
matter how good the coating job 
appears, will not perfect and holi- 
days will become apparent soon after 
the environment becomes corrosive. The 
coating touch-up and spot maintenance 
should begin soon practical and 
before minor corrosion 
come serious. 


real dragon, that eateth 


galvanizing real corrosion protection for Gulf 


PROFITS!” 


And Nowery Smith Company 


Coast industry! Any ferrous metal item, from bolt 


beam, can given economical, long-lasting 
the largest the Southwest, operated the South’s 


largest commercial hot-dip galvanizers! 


Commercial Galvanizing 
Metallizing Sandblasting 


Pickling 
Prime Coating, and/or Painting 
8000 Hempstead Hwy., Box 7398, UNderwood 9-1425, Houston Texas 


COMPANY 


Oiling 


Quoth Sir Galva-Knight: 


Vol. 


Initial application deficiencies 
will indicated small rust stains 
within three six months after the 
equipment placed service. 
maintenance often can done 
ating units, but major 
painting usually must scheduled 
ing shut down periods. 
for touchup work are important 
and should detailed initial spec 
ifications. 


Maintaining Old Equipment 

Several steps are required organ 
izing effective paint maintenance pro 
gram for old corroded equipment 
Most corrosion engineers prefer con 
duct thorough personal inspection 
the installation first. This inspection 
should include determination the 
physical condition the equipment it- 
self and the existing coatings, The 
engineer should concern 
with those areas which have suffered 
the greatest corrosion damage. may 
find certain corrosion prob- 
lems the form structurals, stiffen- 
ers and brackets which are shaped 
that they cannot possibly maintained 
with coatings. may also find plants 
refineries that plant layout such 
that corrosion some areas actually 
promoted corrosive solids, vapors, 
fumes and spray carried prevailing 
winds from other areas his own 
from nearby operations. this the 
case, painting alone may not enough. 

Under most circumstances, will 
impossible justify major alterations 
the layout operating installa- 
tion solely reduce corrosion. How- 
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For general maintenance work, corrosion authorities agree that coats 
mils minimum thickness are essential for good protection and economy. 
Three coats, including corrosion resistant primer, tend eliminate porosi- 
ties often found heavy-thickness single coat systems. 


maintenance system has been service-proven 
exceed these requirements and assure better chemical resistance acids, 
alkalies, water and weathering. 


The Carboline CS-200 system (61/2-7 mils): 

Rustbond Primer good edge coverage, reduces undercutting, bonds 
tightly wire brushed steel. Dries fast, speeds applica- 
tion. 


Polyclad #933-3 economical, high build intermediate coat formu- 
lated for better resistance penetration than heavily 
filled vinyl mastics. 


Polyclad #120-1 tight seal coat with outstanding resistance chemi- 
cals and weathering. 


Use Engineering Approach—compare solids content, coverage per 
gallon, mil feet per gallon, mil thickness per coat, resistance corrosive, estimated 
recoating cycles, COST PER SQUARE FOOT PER YEAR SERVICE. It's the soundest 


method determine the most effective, economical corrosion protection. 


WRITE TODAY for bulletins and specifications CS-200 All-Vinyl Main- 
tenance System. Also, request our precision wet film thickness obligation. 


SALES OFFICES: 

Boston, New York, Philadelphia, 
Pittsburgh, Detroit, Chicago, 
Houston, Denver, Los Angeles, 


ing cities. 
and 
CARBOMASTICS 


32-A Hanley Industrial Ct. 
St. 17, Mo. 


Al 
el 


Offshore Platforms— 


(Continued From Page 94) 


ever, shelters, sheds walls can 
erected minimize this problem. Also, 
may economically expedient either 
replace certain structural members 
and other items immediately allow 
them deteriorate until they require 
replacement. Replacements, course, 
should designed that they can 
maintained easily such mate- 
rials that they will resist corrosion. 
addition the replacement some 
items, seal welding and flat cover plates 
should considered just they are 
for 


Detailed Records Necessary 


Detailed records paint maintenance 
costs all areas should maintained 
problem areas can detected early. 
Such data are invaluable when planning 
maintenance program, estimating costs 
for budget other purposes, when 
considering new installations. Also, ex- 
posure tests should continued 
order determine whether changes 
coating systems for some areas are in- 
dicated and assay the qualities 
newly-developed coatings. 

After initial touchup new installa- 
tions, paint maintenance falls into the 
simple routine inspections, recom- 
mendations, exposure tests, cost evalu- 
ation and specification. However, each 
maintenance job should considered 
its own merits regard eco- 
nomics and the best approach corro- 
sion control. Also, effective paint 
maintenance program includes continu- 
ous training all personnel involved 
the selection and application coat- 
ings insure that the finished coatings 
are not damaged abuse. 


Economics Offshore Rig Coatings 

Initial corrosion control costs cannot 
determined exactly because the all 
inclusive nature the contract, but the 
data given Table are reasonably 
accurate for 106-foot tender- 


than 


outside Mayes Bros. policy even consider taking the first 
step along this perilous path. the contrary, basic Mayes Bros. 
policy provide the finest possible materials and workmanship 
every job fair and reasonable prices. 


That, must conclude, the reason our old and our new customers 
remain customers. They know Mayes Bros. pipe coating and wrapping 
jobs are dependably permanent, providing performance promised. 


AYES 


“We can more clever than one, but not more clever than 


Many so-called businessman has learned his ultimate dismay that 
successfully outsmarting one customer has misled him into attempts 
outsmart others. attempting extend this practice has 
brought about his eventual ruin for could not “more clever 


HOUSTON, TEXAS 
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TABLE Maintenance Costs 
Tender-Type Offshore Platform 


Total cost platform installed 
West Delta Block “B” location 


Cost Monel for splash zone 


(1536 sq. ft. 


Painting and miscellaneous cost for 
atmospheric zone: 
Galvanizing 
Deck Treatment 


Painting (28,560 sq. ft. $0.41)...... 


Total for atmospheric zone............. 
Total for corrosion controls............. 


Cathodic protection cost submerged zone 


(29,000 sq. ft. $0.064)............. 


$359,371 


Percent total cost for initial corrosion 6.77 


Cost for coating touch-up September, 1956 
Cost anode replacement August, 1957 


type platform feet water the 
West Delta area: 


Recent inspections indicate that the 
platform will not require additional coat- 
ing touchup until mid-1959 which should 
suffice through 1960. During 
expected the platform will require 
cleaning, coating touchup and com- 
plete refresher coat approximately 
the initial coating cost. 


The following estimates have been 
made the predicted coating cost for 
the first years’ service: 
Estimated cost coating touch- 

June, 1959 days work 

Estimated total coating cost first 

years 
Estimated average cost per 


6,000 
22,052 


square foot first 514 years..... 
Estimated average cost per sq. 
ft. per year first 


The various steps that should 
taken establishing and continuing 
paint maintenance program need not 
followed the sequence shown, because 
the sequence will dependent upon the 
particular situation: 

Assay the corrosive environment. 
Design for corrosion control. 

Plan layout minimize corrosion. 
Review experience others. 


Rochefoucauld 


0S. 


Select coatings for particular corro 
sion and physical problems. 

Select and prepare complete, 

surface preparation and coating 

plication specifications. 

Select and Your Applicator.” 

Inspect coating work during appli- 

cation and when completed. 

Inspect and repair initial coating de- 
ficiencies soon after equipment 
placed service. 

coating evaluation and touchup pro- 
gram, 

11. Maintain complete detailed inspec- 
tion and cost records. 

12. Review records periodically eval- 
uate coatings and paint maintenance 
program. 
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MARINE COATINGS 


Suggested Coating Specifications 
for Hot Application of Coal Tar 
Enamel for Marine Environment. A Report of 
NACE Technical Unit Committee T-1M on 
Corrosion of Oil & Gas Well Producing 
Equipment in Offshore Installations, Publi- 
cation No. 57-8. Per Copy $.50 

Suggested Painting Specifications 
for Marine Coatings. A Report of 
NACE Technical Unit Committee T-1M on 
Corrosion of Oil & Gas Well Producing Equip- 
ment in Offshore Installations. Publication 
No. 57-7. Per Copy $.50 


Remittance must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested, Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bidg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 
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Tube-Kote research has produced 
many new coatings each with 
special properties needed solve 


unique corrosion problems for the 


following industries: 

Chemical Food Processing 
Chemical Oil Field 


Refining Plastic 
Beverage Textile 
Electronic Transportation 
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you have specialized coat- 
ing problem, call the experience 
and ability Tube-Kote Industrial 
Sales Division provide coating 
for your particular needs. 


err 


Service Mark Reg. Pat. Off. 


Branch 


Houston 25, Texas 
Harvey, La. 


oating industrial Corrosion Probiems 
es 
P24 
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Comparing the Corrosion Resistance 
Wrought Iron and Steel* 


Discussion Speller, Consultant, 
Pittsburgh. 


ISTORY apparently repeats itself 

metallurgy other human 
affairs. The paper Mr. Best “Iron 
Silicate Network Helps Wrought Iron 
Resist the February, 1958 
issue attempts revive 
the traditional assumption that wrought 
iron intrinsically more durable than 
other ferrous metals such are used 
manufacture pipe, but gives 
supporting data. this question was 
thoroughly investigated and 
associates from 1902 1925 and many 
data obtained during that period and 
later are record, feel duty 
try and fill some references with the 
conclusions that were based authen- 
tic evidence water and underground 
corrosion pipe, for those who are 
interested reviewing what has been 
done this subject. 

There such great difference 
non-metallic contents the soft steels 
and wrought iron that one would ex- 
pect find decided difference cor- 
rosion pitting rate the non-metallic 
“slag” contents important fac- 
tor. The non-metallics wrought iron, 
about percent, consist mainly 
oxides iron (the silicon reported 
about 0.15 percent). 

Most the available data relative 
corrosion ferrous metals from 1888 
1920 were summarized condensed 
form Chapter VII, 2nd Edition, 
book This chapter 
omitted from the 3rd 
Edition, 1951, but the 2nd Edition 
(1935) is, believe, available most 
the larger public libraries. These data 
are from laboratory and service tests 
water, steam and vent pipe various 
localities. 

Early this century some leading 
manufacturers made both wrought iron 
and steel pipe about equal amounts 
and these sometimes became mixed 
stocks. They were faced with the ques- 
tion expanding production. Wrought 
iron was favored many pipe fitters 
steel with the crude hand dies that 
time. The most important question 
mind, however, was, “Is there anything 
the idea that wrought iron 
sically more durable?” After thorough 
investigation appeared that this notion 
was based mainly visual observations 
under atmospheric exposure where the 
iron apparently had some advantage 
certain places which, however, did not 
apply under other conditions water 
soil, Copper steel later proved last 
longer than wrought iron, ingot iron, 
steel under atmospheric exposure. 

Table LIX? contains many compari- 
sons wrought iron and steel hot 
water pipe which were accidentally 
coupled together the same line and 
thus were subjected identical condi- 


*% A discussion of the paper ‘Tron-Silicate 
Slag Network Helps Wrought Iron Resist 
Corrosion,’’ by E. P. Best, A. M. Byers Co., 
Corrosion, Vol. 14, No. 2, 118 (1958) Feb. 


tions service for various periods. 
Over 100 such cases were found with- 
out any consistent material difference 
the deepest pitting which was used 
the criterion useful life expectancy. 

results many tests these metals 
(and others) service lines where 
pieces bare commercial pipe were in- 
stalled together the same line, hot 
water, steam return and vent pipe 
systems. Differences rate pitting 
were evidently due variations flow, 
temperature and composition the 
fluid contents. Details these important 
factors could not always obtained 
but all materials were subject the 
same service variables. 


Many other authentic tests and obser- 
vations under similar conditions serv- 
ice which were made prior 1935 (with 
which personally familiar) are also 
described Chapter VII2 Few, any, 
these showed pronounced difference 
depth deepest pitting between 
wrought iron and steel under strictly 
identical conditions. 


The many tests cited above, 
lieve, show conclusively that there 
material difference between low alloy 
steels, mild carbon steels, wrought iron 
and ingot iron water underground. 
References are given (page 266 2nd 
similar extensive investigations, be- 
tween 1908 and 1911, Professors 
Howe and Stoughton, Columbia Uni- 
versity, and Dr. Walker 
Massachusetts Institute Technology, 
Cambridge. the light the facts 
developed their investigations, they 
could find sound basis for the im- 
pression which was then prevalent, that 
wrought iron was intrinsically superior 
steel corrosion resistance. 


Propaganda rather than tangible data 
evidently had much establish- 
ing these early opinions, there are 
any supporting data improvements, 
manufacture wrought iron, would 
welcome, but the fact that the en- 
vironment rather than metal composi- 
tion the controlling factor, now 
well established and generally recog- 
nized. 


England many comparative tests 
mild steel, ingot iron, and wrought 
iron sea water were made the 
Committee Corrosion British Iron 
and Steel Institute. Results were sum- 
marized 1940 Dr. Hudson 
(Official Investigator the Committee) 
his later paper Dr. Hud- 
son reports further work “Corrosion 
the synopsis states, little, 
any, difference the corrosion rates 
under these conditions ordinary un- 
alloyed ferrous materials, such 
steel, ingot wrought iron.” 

Underground now have much 
more data this question based largely 
the exhaustive work centered 
National Bureau Standards between 
1922 and 1955, summarized Cir. 579— 
more than 22,000 specimens 
buried 1922 and 1924 soils, after 


9-12 years the maximum penetratio 
varied from 150 mils both 
inch and 3-inch pipe, clearly showin: 
that variations soil condition domi 
nated. The pitting factor (ratio maxi 
mum depth pit average penetra 
tion) varied from 25.5. The studen 
may consult extensive tabulated dat: 
this circular interested details 
The effect composition wel 
summed with respect pitting 
between the maximum penetration 
wrought iron and Bessemer steel not 
sufficient show positively difference 
the rates corrosion these mate- 
rials for either the inch the 
inch specimens.” 


Now, the hypothesis that the 
high non-metallic inclusions (cinder 
slag) wrought iron interferes with 
the direct penetration corrosion, the 
fact remains that there pronounced 
consistent difference penetration 
water soil. The cinder slag may 
interfere more effectively when the iron 
rolled crosswise and lengthwise 
rolling plates, but any case the effect 
probably neutralized more less 
acceleration the rate due the 
cathodic nature the cinder. Moreover 
the arrangement the slag obviousiy 
irregular with frequent 


would interesting learn 
whether the more resistant zones 
wrought iron described Chilton and 
have been found the newer 
wrought iron described Mr. Best. 
The slag theory seems have been dis- 
carded England, where some puddled 
iron still made. 


Welded wrought iron and steel pipe 
made from skelp rolled lengthwise 
that the slag mostly the form 
strings rather than wide flakes, which 
form would not uniform barrier 
corrosion. The micro-sections show 
frequent loopholes between 
tions. 


The slag contains only small amount 
silicate iron (the silicon content 
wrought iron runs about 
cent). However, the iron oxide the 
“slag” gives the metal rougher surface 
than steel which improves adherence 
paint and may afford some resistance 
fatigue. Hence the slag wrought iron 
has some advantages, but resistance 
corrosion penetration welded pipe 
evidently not one 
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Best. 
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pipe 
Extensive testing program proves new rought Iron 
how 
more corrosion-resistant than ferrous substitutes 
ount 
Test results from the Byers Research 
Laboratory lend documentary support Analysis 4-D Wrought Corrosion Tests 
e the 4-D Wrought tron Standard Wrought Iron Ferrous Substitutes 
e te ron—over standar rou 
iron well fe bstitute ‘ Severe industrial atmospheric Corrosion weight loss Corrosion weight loss Not included in test ae " 
e to as su "hi vs 8. continued exposure 17 years 540 grams/sq. ft. 655 grams/sq. ft. 
1S Steam condensate return line *At least 25% greater No failures 10 years Complete failure 
ords are now further substantiated corrosion-resistance than (still service) after years 
the conclusive findings our metal- standard Wrought tron 
ught this testing program are presented 4-D Wrought Iron curve flattening 
7 i = Brine pipin *At least 25% greater 0 failures 23 years ‘omplete failur 
Pre- . The. Byers field cance" representa — corrosion-resistance than (still in service) after 7 years : 
will pleased relate these test standard Wrought 
Tron results to your corrosive applications. Salt water, Gulf Mexico weight loss Not included in test 
inch plate—1 Is/years mills/years, 
q Write us for helpful literature on new iain — pcm ra thickness badly pitted, perforated 
D *At least 25% t No failures in 29 years Complete failure 
Penns ownspout eas greater corrosion- failures 
ylvania. resistance than standard (Still service) after years 
Wrought 
sion W. 
a B YERS ROUGHT IRON *In this application no long term test data yet available on 4-D Wrought tron. Results shown are derived from short term tests. : 
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PIPELINE “LIFE INSURANCE” 


Flange Insulation sold complete sets. 
central gasket, bolt sleeves, and insulating washers 
“SUPER” Bakelite, with steel washers, make the package. 
Three types central gaskets are available. Type 
oval, glass reinforced, molded central gasket for ring 
joint flanges. Type full-face central gasket, with bolt 
holes, for raised face flanges. Type ‘F’ for raised face 
flanges with O.D. allowing centering within the bolt 
circle. Types ‘E’ and are available with Neoprene facing, 
eliminating additional soft gasketing for sealing purposes. 
All Types are designed operate the ASA rating the 
which installed. 


All Maloney Flange Insula- 
tion sets are packaged 
unit. Easy store and 
packaging assures lost 
components. 


HOUSTON TEXAS 


LOS ANGELES PITTSBURGH TULSA 


Wrought 
(Continued From Page 98) 


Discussion of above paper, J. Iron and_ Stee} 
Institute Vol. 186, May 1957, Part Page 
98-101. 


Pittsburgh: 

pointed out Dr. Speller 
this old and tedious argument 
Generally speaking, published interpre 
tations laboratory test data have no: 
been flattering wrought iron, whereas 
many authenticated service records dis- 
tinctly show unusual longevity for 
the material, well its superiority 
over other metals identical environ- 
ments. 

However, various interpretations 
such laboratory test data are possible, 
Lyell Wilson, formerly research 
director the American Bureau 
Shipping, New York, points out his 
discussion wrought iron 
Mr. Wilson notes the following exam- 
ple: startling example contradic- 
tion between corrosion test results and 
service experience exemplified in. the 
record the wrought-iron pipe piling 
used for pier supports the old Fort 
Mason Dock San Francisco which 
was built 1884. These same wrought 
iron piles were found such good 
condition 1931 that they were again 
used building new pier for the San 
Francisco Marina Yacht Harbor. They 
are now, after years service, 
good state preservation and still serv- 
ing the same useful purpose although 
some steel beams and tie rods added 
the original Fort Mason Dock had al- 
most entirely disintegrated from corro- 
sion 1931 after only years 
service. Ironically enough, however, one 
the steel companies subjected sam- 
ples the wrought-iron piles and 
the steel beams corrosion tests and 
the results showed advantage for the 
wrought iron over the steel. Had such 
tests been made prior the original 
construction unwise choice mate- 
rial undoubtedly would have been made 
for both piling and superstructure.” 

Significant Mr, Wilson’s statement: 
far more difficult understand 
why something not being done 
improve methods testing produce 
better correlation between test results 
and actual service with particular refer- 
ence wrought iron.” 

The author’s company now engaged 
research aimed answering Mr. 
Wilson’s question. 


Reference 


How Does Wrought Iron Stand Cor- 
rosive Marine Service? Lyell Wilson. 
Marine Eng., Feb, 1954. 
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CHARACTERISTIC 
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3.7 Metallurgical Effects 


3.7.2, 6.4.2 

The Effect Small Amount Beryl- 
lium Aluminum-Magnesium Alloys. 
OSAMU YOSHIMURA AND 
MASHIYAMA. Light Metals 
(Japan), No. 27, 29-33 (1957) Nov. 

generally recognized that small 
amount beryllium gives various bene- 
ficial effects sand cast materials 
aluminum-magnesium alloys. acquire 
the industrial effect small amount 
beryllium aluminum-magnesium 
alloy cast slab for wrought materials 
and its sheet, the authors tested the fol- 
lowing: (1) Oxidation loss melting 
operation, (2) Casting crack and flat- 
ness slab surface, (3) Grain size, (4) 
Mechanical properties, (5) Corrosion re- 
sistance, (6) Black film formed during 
heating operation. The results are 
follows: Addition 0.005% beryllium 
aluminum-magnesium alloy exceedingly 
decreases casting crack and the surface 
continuously cast slab becomes con- 
siderably flat and also the black spot 
slab surface disappears. Adding beryl- 
lium these amounts not industrially 
effective mechanical properties and 
corrosion resistance. the other hand, 
oxidation loss remelting operation 
and black film formed during heating 
slab sheet considerably prevented 
beryllium. 15119 


The Effect Trace Elements Scal- 
ing Behavior Heat-Resistant Alloys. 
574-579 (1957) Oct. 

Review effect trace additions, 
such cerium and cadmium, scaling 
behavior resistance materials, such 
nickel-chromium, 
and iron-chromium-aluminum alloys. Ex- 
perimental study was made effect 
controlled cerium additions 


chromium-5 aluminum iron-base alloy. 
Theoretical discussion oxide film phe- 
nomena and effect addition elements 
adhesion scale formed and effect 
aluminum additions scaling be- 
havior 33/20 nickel-chromium iron- 
base alloys included. Study was made 
simple and complex oxides formed 
oxidized, adherent 
14999 
3.7.2 

Effects Trace Elements Embrit- 
AND Worn. Nature, 178, No. 
4530, 433 (1956) August 25. 

Factors controlling embrittlement 
steels are discussed. Incomplete study 
effect trace elements three 
nickel-chromium steel showed that steels 
can made with impact properties 
unaffected exposure 450 and 
that effects each trace elements 
normally present commercial materi- 
als can assessed studying high- 
purity steels which these trace elements 
are added controlled amounts.— 
INCO. 12762 


3.7.2, 6.4.2 

Effect Chromium Additions the 
Microstructure Aluminium-Zinc- 
Magnesium Alloys. (In French.) 
BRENNER AND Rev. Met., 
53, No. 627-637 (1956) August. 

The tendency stress corrosion 
aluminum-zinc-magnesium alloys has been 
eliminated the application alloying 
techniques such strict control com- 
position, proper heat treatment and ad- 
dition small quantities stabilizing 
element, chromium particular. 
investigate the mechanism this latter 
phenomenon samples prepared 
from three alloy groups various zinc 
and magnesium contents, with and with- 
out chromium additions, continuous 
casting, rolling and precipitation heat 
treatment. The samples were subjected 
electrolytic polishing and, some 
cases, anodizing. Microscopic investi- 
gation the surfaces thus treated re- 
vealed that addition 0.2% chromium 
has caused coagulation the precipi- 
tates the grain boundaries and, the 
same time, has brought about uniform 
precipitation within the grains them- 
selves. This type microstructure 
known develop aluminum-magnesium 
alloys when subjected step-wise 
quenching and accompanied in- 
creased resistance stress corrosion. 
is, therefore, assumed that the im- 
proved stress-corrosion properties 
aluminum-zinc-magnesium 
taining chromium are due the changes 
its microstructure induced this 
12737 


Behavior Copper Steel During 
Scaling and Its Effects Hot-Dip 
Zinc-Coating Steel Wires. (In Ger- 
man.) CLEMENS EISENHUTH, WOLFGANG 
GRUHL, WERNER PAPSDORF AND IRMGARD 
EIsENHUTH. Stahl und Eisen, 77, 354-359 
(1957) March 21. 

Investigation copper distribution 
steel specimens containing 0.7% carbon 
and 0.38% copper dependent the 
degree Behavior the copper 
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when annealing argon atmosphere. 
Effect the molten zinc copper con- 
tent the marginal 14284 


3.8 Miscellaneous Principles 


3.8.4, 6.3.21 

Effects Thick Oxides Germa- 
nium Surface Properties. Lasser, 
AND Phys. Rev. 
(II), 105, No. 491-494 (1957). 

Oxides grown germanium heat- 
ing oxygen inhibit interaction between 
the germanium and the ambient atmos- 
phere. The decay time the DC-field ef- 
fect increases with increasing thickness 
the oxide formed, indicating that the 
states associated with the oxide lie prin- 
cipally its outer surface. The decay 
time decreases, however, the presence 
water vapor, ammonia the 
ambient, probably owing increase 
the states the outer surface 
the oxide layer. Desiccation lengthens 
the decay time greatly. the oxide lay- 
ness, the DC-field effect displays 
measurable decay and the electrical prop- 
erties the underlying germanium are 
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The surface underneath thick 
strongly n-type and has low value 
surface recombination 


15139 


3.8.4, 6.2.5 

Physical Properties Monolayers 
Adsorbed the Solid/Air Interface: Pt. 
Friction and Durability Films 
Res. Laboratory, Dec., 1957, pp. 
Available from Office Technical Serv- 
ices, Dept. Commerce, Wash- 
ington 25, (Order 131493). 

Recent investigations the physical 
properties condensed monolayers 
polar paraffinic compounds adsorbed 
the glass/air interface provided insight 
into the friction-reducing, anti-wear and 
load-carrying properties such films. This 
study was undertaken determine 
whether results would similar when 
the two rubbing surfaces were stain- 
less steel instead glass and stainless 
steel. Durability the condensed solid 
monolayer was low after the first few 
traverses stainless steel ball 
steel platen. The lesser protection af- 
forded condensed films resulted from 
the greater tendency for steel asperities 
cold weld with steel than with glass. 
This exemplifies the general conclusion 
that the protective value condensed 
monolayer decreases the 
bility the two rubbing 
creases.—OTS. 15239 


3.8.4, 4.3.2, 6.3.20 

Reaction Rate Study the Dissolu- 
tion Low-Hafnium Zirconium Hy- 
drofluoric Acid Solutions. 
AND First Nuclear Engineer- 
ing and Science Congress, 63-69 (1957). 

The rate which zirconium dissolves 
hydrofluoric acid solutions studied 
tracer methods and found depend- 
ent free acid concentrations alone. 
Temperature coefficient averages 3.34 
k-cal per mole for high stirring rates. 
The most likely mechanism the slow 
step diffusion hydrofluoric acid 
the zirconium surface, but three others 
are also considered. 


15314 
3.8.4 


Metal Emerging from the Corrosive. 
Nature, 180, No. 4599, 1407- 
1408 (1957) 21. 


Water-line corrosion caused and 
salt-spray corrosion facilitated the 
easy access oxygen the metal 
through 3-phase boundary between 
metal, electrolyte and atmosphere. Ex- 
periments are described which give some 
insight into mechanism arrival 
oxygen such menisci and its electro- 
dissolution. Part played various zones 
relatively inert metal, such platinum, 
silver, nickel stainless steel titanium 
cathode with large area mod- 
erately base metal, such lead, cad- 
mium iron anode electrolyte. 
potassium 

15299 


3.8.4, 6.3.6 

The Structure Oxide Films Formed 
Smooth Faces Single Crystal 
Acta Metallurgica, 574-581 (1957) Oct. 

Oxide films, which were formed 
the (311), (111) and (100) faces 
single crystal copper heated 150 
were removed electrolytically from the 


192a 
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copper and examined with electron 
microscope. The structure the oxide 
was found related crystal face 
the copper and three types struc- 
ture were observed. each face the 
film consisted of: (1) small nuclei from 
regularly shaped masses oxide from 
crystalline base film initially unresolv- 
able with the electron microscope. (auth.) 


15296 


3.8.4, 3.5.8, 3.5.9, 6.3.15 

Research the Effects Stress, 
Strain and Temperature the Eutec- 
toid Decomposition Titanium Alloys. 
Rostoker. Armour Research Founda- 
tion. Wright Air Development Cen- 
ter, Air Force, November, 1957, 
pp. Available from Office Technical 
Services, Washington 25, (Order 
131610). 

This work yielded data for evaluation 
the combined influences time, tem- 
perature, and stress the rate em- 
brittlement titanium-chromium alloys. 
Three titanium-chromium alloys were 
forged the alpha-beta range give 
six systems with controlled amounts 
each phase. Isothermal transformation 
400, 500 and 600 each the sys- 
tems was followed resistivity, X-ray 
diffraction, elastic modulus measure- 
ments and metallography. Reactions oc- 
curring the transformation were iden- 
tified where possible. This transforma- 
tion study was repeated under stress 
which produced creep 1000 hours. 
Acceleration four seven times 
the rate transformation occurred 
the action this stress. Complete ten- 
sile test data were obtained all stages 
transformation and plotted T-T-T 
diagrams. These revealed that the for- 
mations omega and are the em- 
brittling reactions. The eutectoid tem- 
perature the titanium-chromium sys- 
tems was 670 plus 
minus C.—OTS. 15279 


3.8.4 

Investigation Oxidation Resistance 
Titanium and Niobium Borides. 
Chem. USSR (Zhur. Prikladnoi Khimii), 
30, 1584-1588 (1957) Nov. (In Russian.) 

Oxidation resistance titanium boride 
and niobium boride and their alloys 
forming continuous series solid 
solutions with borides 
roentgenographic density 4.53 
and 7.08 and the lattice 
—NSA. 15392 


3.8.4 

Type Ion Migration Metal 
Oxide (Zirconium/Zirconium Dioxide 
Nature, 179, No. 4551, 145-146 (1957). 

Two zirconium electrodes were sep- 
arated from intervening compact 
sintered zirconium dioxide filter- 
papers soaked alizarin-sulfur, which 
turns yellow the presence nascent 
oxygen from hydrogen peroxide but then 
still gives red color with With 
this assembly dry nitrogen, 
voltage ~1000 V/cm was applied for 
several hrs. The filter-paper contact 
with the positive electrode turned yellow, 
while the other paper remained red; 
there was some corrosion the metal 
surfaces. hence suggested that 
oxygen ions move zirconium and 
migrate from the negative the positive 


Vol. 


electrode. seems that the zirconium 
dioxide compact contains excess oxygen. 
the negative electrode deficiency 
oxygen ions created, that the ca- 
thodic zirconium surface enriched 
Zr**, These reactions not occur 
the absence electric 


3.8.4, 3.5.6, 3.2.3 

Diffusion and Oxidation Metals 
Massoup General Dynamic 
Corp. Ind. and Eng. Chem., 49, 617-62¢ 
(1957) March. 

review presented which include: 
theory diffusion, volume self diffusion, 
chemical diffusion substitional alloys 
and interstitial alloys, grain boundary 
and surface diffusion and oxidation 
metals and alloys, 361 


3.8.4, 3.5.8 

Study, Means the Russel- 
Effect, the Influence Mechanical 
Stresses Metal Surfaces. (In French.) 
Bercer. Corrosion-Industries, 
32, No. 381, 185-190 (1957) May. 

Secondary electron emission from alu- 
minum subjected mechanical stresses 
was investigated. was observed that, 
when bending sample, the outward 
face, which subject tensile stress, 
affected the photographic plate, which 
the sample was placed, while very little 
blackening due the inside face was 
noticed. Such behavior the sample 
attributed the disruption the oxide 
film the outside. The phenomenon 
described correlated the Russel- 
effect and said that hydrogen per- 
oxide formed result re-oxidation 
according the reaction: metal 
mary factor affecting the photographic 
14213 


3.8.4, 6.3.10, 3.5.9 

High Temperature Oxidation High 
Purity Nickel Between 750 and 1050 
GULBRANSEN AND KENNETH 
Electrochem. Soc., 104, No. 
451-454 (1957) July. 

Kinetic studies the oxidation 
nickel using the vacuum microbalance 
method have been extended 1050 
order determine the conditions and 
mechanisms breakdown the metal 
oxidation. Below 900 nickel oxi- 
dizes the normal manner and the rate 
data fit well with experimental rate 
relationship already established. 900 
and higher, parabolic rate law plots 
the data show increasing values the 
constant with time. 1000 and 
higher, the oxide cracks away from the 
metal. suggested that nickel fails 
protective oxidation due loss 
adhesion the oxide metal interface. 


14291 
3.8.4, 6.3.3, 3.5.9 

Kinetics the Oxidation Chro- 
GULBRANSEN AND KEN- 
NETH Electrochem. Soc., 
104, No. 334-338 (1957) June. 

The oxidation high 
mium was studied over the temperature 
range 700-1100 using the vacuum 
microbalance method. Below 900 con- 
ventional oxidation curves were obtained 
which can fitted the parabolic rate 
law. Above 900 and for film thick- 
ness approximately 4800 the rate 
manner. This increase the rate 
oxidation disappeared further oxida- 
tion. temperatures 1050 and 
higher large increase occurred the 
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rate oxidation, suggesting that the 
oxide film was longer protective for 
film thicknesses greater than 42,000 
logarithmic plot the parabolic rate 
constant shows two straight 
lines separated transformation re- 
ion. This gives 37,500 cal/mole and 
-15.3 entropy units for heat activa- 
and entropy activation between 
and 900 and 59,400 cal/mole and 
-6.2 entropy units for 1000-1100 
The rate evaporation and the rate 
oxidation chromium are equal 
bout 950 This corresponds the 
ransformation region between the two 
that the failure chromium 
xidation closely related the high 
apor pressure chromium above 
14281 


PREVENTIVE MEASURES 


Cathodic Protection 


8.9.3 

Application Zinc Anodes Natu- 
ral Gas Pipelines. Gas Age, 120, No. 
(1957) July 25. 

Combination good pipe coating 
cathodic protection has proved 
both economical and successful 
such extent that current practice 
provide both coating and cathodic 
protection all new transmission pipe- 
lines. relatively easy and inex- 
pensive matter apply cathodic protec- 
tion coated pipeline compared 
bare pipeline since current require- 
ments are only small fraction that 
required for the bare pipeline. the 
case existing pipelines which are not 
coated sometimes desirable use 
galvanic anodes provide local “hot 
spot” protection corrosive areas, De- 
sign intended for use coated steel 
transmission pipelines given. Protec- 
tion pipeline soil, undersea pipe- 
line and cases described. 
Graph.—INCO. 15272 


Zinc Anodes for Cathodic Protection. 
272-274 (1957) Aug. 

Cathodic protection afforded sacri- 
ficial zinc anodes for iron and steel 
structures, galvanized cold water stor- 
age tanks, aluminum and lead cables 
and marine installations such 
hulls; zinc anode design—MR. 


Cathodic Protection Brewery 
Liquor Tanks. Corrosion 
Prevention Control, No. 10, 57-58 
(1957) Oct. 

Two cast iron liquor tanks showed 
widespread pitting and rust nodules 
sides and bottom after years’ service. 
Paint systems and magnesium anode 
scheme were ruled out because possi- 
bility contamination. Solution was 
impressed current. 250-volt single phase 
50-cycle supply was fed small trans- 
former/rectified which was arranged 
serve protective graphite anodes each 
tank via distribution box. Result was 
deposition calcareous deposit (pow- 
dery and easily removed) and complete 
suppression corrosion—INCO. 14882 


“We Use Single Anodes, Not Beds.” 
Emery. Rio Grande Valley Gas Co. 
Gas Age, 120, No. 15-16 (1957) Aug. 

Rio Grande Valley Gas Co. has suc- 
cessfully used single distributed mag- 
nesium anodes for cathodic protection 
gas distribution systems since 1953 
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and prefers this method installing 
beds anodes most Primary 
reason for installing magnesium this 
manner not much get benefit 
more drainage points and more 
even flow current mains and serv- 
ices, but rather avoid having bond 
existing Dresser couplers inaccessible 
locations. accidental contact will 
cause loss protection only one 
section pipe and search for contact 
contacts can confined this rela- 
tively small section pipe. 
anodes will protect varying amounts 
coated pipe, depending principally upon: 
resistance soil, resistance coating, 
quality insulating joints and size 
pipe protected. 
14619 
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5.2.1, 4.5.3, 8.4.3 

Cathodic Protection Underground 
Corrosion Technology, No. 313-317 
(1957) Sept. 

Cathodic protection, either alone 
combination with other protective meas- 
ures, useful for underground struc- 
tures which suffer point pit corrosion. 
Types current source—rectified, gen- 
erated location, provided gal- 
vanic anodes are reviewed. Basic data 
required, field instruments used obtain 
and field survey techniques are dis- 
cussed. Interference with other metal 
structures and its prevention consid- 
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5.2.1, 4.5.3 


WRIGHT PENECHROMES 


(Zine Chromate Organics) 


Proved Cooling Systems for over years 


Safe Ranges* 


Sludge Precipitate 
High Temperature Tolerance 


*Cooling Tower Institute Bulletin WMS-104 
Wood Maintenance for Water-Cooling Towers 


many years experience Wright Engineering has 
developed Wright Penechromes effective answer 
write for engineering survey your water using equip- 
ment. comprehensive conditioning program Wright will 


pay big dividends. 


Write your company letterhead for the new Wright 
Cooling Water Calculator—it quickly calculates operational 


data. 


WRIGHT CHEMICAL CORPORATION 


GENERAL OFFICES AND LABORATORY 
619 WEST LAKE STREET, CHICAGO ILLINOIS 
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POSITIONS WANTED 
and 


AVAILABLE 


Active and Junior NACE members and 


companies seeking salaried employees 
may run without charge two consecutive 
advertisements annually under this head- 
ing, not over words set point 
text type. 

Advertisements other specifications 
will charged for $10 column inch. 


Positions Wanted 


BSE (Electrical) University Michi- 
gan Twenty years products pipe line 
experience. Electrical, mechanical, struc- 
tural design. Last ten years complete 
direction design, installation, test, 
training, maintenance for successful 
cathodic protection system. Executive 


ability. Desire 


Corrosion years’ con- 
tinuous experience all phases cor- 
rosion work including pipe lines, tanks, 
marine equipment etc. 
degree general engineering, regis- 
tered professional enginer, married, age 


34. CORROSION, Box 58-22. 


Positions Available 


West Coast Corrosion Engineering Cor- 
poration, Box 1164, Santa Ana, 
California has opening for corrosion en- 
gineer with five years minimum experi- 
ence performing pipeline design surveys 
for application cathodic protection. 


Large independent oil company Mid- 
Continent area has opening Pipeline 
Department for engineer with corrosion 
experience. Applicant must graduate 
engineer and must have oil field experi- 
ence with least three years specialized 
corrosion work. CORROSION, Box 
58-20. 


Sales Engineer, Opportunity life- 
time. Progressive top rated Eastern 
Paint Manufacturer has splendid open- 
ing for experienced corrosion preven- 
tion salesman. Prefer young man with 
ability manage, supervise train 
salesmen his department. Future pos- 
sibilities unlimited and depending his 
ability. Replies treated strict confi- 
dence. CORROSION, Box-58-24. 


SALES REPRESENTATIVES FOR 
ACID-PROOF MATERIALS 


Protected territories—by top-rated 
manufacturing company corrosion- 
proof materials established over thirty 
years. Quality line new construction 
and maintenance products which repeat 
steadily. Established accounts plus ex- 
cellent potential. Draw against commis- 
sions—mail orders fully credited. you 
desire manufacturers’ represen- 
tative, are present, this could mean 
your future and security. Age 30-38 only 
with engineering background preferred. 
Only letters giving full details consid- 
ered. All replies will kept strictly con- 
fidential. CORROSION, Box 58-23. 
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Proc. Inst. Elec. Engrs., 104, Pt. 307- 
319 (1957) Aug. 

Mechanisms electrolytic corrosion. 
Practical methods applying cathodic 
protection. Electrical survey buried 
structures. Main applications cathodic 


protection and the general economics 
affecting its 14920 


Contribution the Theory Ca- 
thodic Protection. Pt. II. 
Electrochem. Soc., 104, 631-637 (1957) 

Conditions are shown under which the 
differences the local single electrode 
potential are sufficiently low that 
complete cathodic protection without 
significant hydrogen evolution can 
accomplished using automatic con- 
trol the impressed 


Vol. 


5.2.2, 8.4.2 
Zinc Bracelets Protect Undersea Line. 
11, D81- D82, D86 (1957) Oct. 
Tennessee Gas spotting 1000 zin 
anodes that fit around pipe like bracelet: 
every mile its new offshore 
line. These “bracelets” fit flush 
concrete coating and are 
protect line for minimum years 
Advantages circular zinc anodes in- 
clude low maintenance—there are 
test leads torn off, buoys 
maintain. Weight joint pipe con- 
taining anode just about the same 
rest pipe because zinc weighs about 
the same concrete. Installations are 
inexpensive, since cost zinc runs less 
than cents per Zinc anode assem- 
blies are rugged enough withstand 
normal construction practices, anodes 
will not crush they over rollers 


WEST TEXAS WELLS 
PROTECTED FROM EXTERNAL 
CASING CORROSION 


Two casing leaks West Texas oil wells cost this com- 
pany more than $25,000 each. External corrosion proved 


the cause. 


The company then decided protect its other West 
Texas wells cathodically. CSI was awarded the job com- 


petitive bid basis. 


CSI engineers—pioneers well protection work—fur- 
nished all the engineering, labor, materials and equipment 
needed. Rectifiers were used the applied current source. The 
job was done consecutive days for about $330 per well. 


find pays call CSI for engineering, installation 
services quality cathodic protection supplies—for either 
magnesium anode rectifier installations. Call write 
today—quotations estimates without obligation. 


Cleveland 13, Ohio 
1309 Washington Ave. 
Tel. CHerry 1-7795 


CORROSION SERVICES 


INCORPORATED 


General Office: Tulsa, Okla. 


Box 7343, Dept. C-11 
Tel. Circle 5-1351 
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and they are not line blast jet- 
ting machine. Photos, diagrams.—INCO. 


15099 
5.2.2, 7.2, 8.4.2 

Application Zinc Anodes Gas 
Distribution Systems, Gas Age, 120, No. 
18-20, 22, (1957) July. 

Cathodic protection coated steel, 
Other distribution piping all 
velded construction can easily ac- 
omplished electrical insulation 
rovided between distribution piping 
bare piping electrical grounding 
vires. Zine anodes are particularly well 
uited for use applying cathodic pro- 
ection distribution systems con- 
ested areas since using them 
minimize interference effects 
other piping and cable systems. Also 
‘inc anodes may placed close 
inderneath pipe which protected 
that minimum amount excava- 
ion work necessary for their installa- 
ion. Most difficult problem applying 
athodic protection distribution sys- 
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tems that insulating-off distribution 
system from other underground metal- 
lic structures which are not being placed 
under cathodic protection. Step step 
procedure given for application 
cathodic protection distribution 
system urban area. Diagrams.— 
INCO. 15269 


MATERIALS 
CONSTRUCTION 


6.3 Non-ferrous Metals 
and 


6.3.10 

Nickel, Including High-Nickel Alloys. 
Futter. Inco. Ind. and Eng. Chem., 
49, No. Pt. 1618-1628 (1957) Sept. 

Current annual review published 
references relating nickel and nickel 
alloys. Alloys containing nickel 
more substantial quantities cobalt 
comprise the materials considered. Re- 
view covers: Developments sources 
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COKE BREEZE 


Backfill for Anodes 
suited for use with anodes. Has high carbon 
inch. bulk sacks. Prices other sizes 
on request. 


National Carbon Anodes 
Magnesium Anodes 
Good-All Rectifiers 


HOLESALE 
COKE COMPANY 


PHONE GARDENDALE, ALA. 
HEmlock 6-3603 


Box Mt. Olive, Ala. 


CORROSION 


ENGINEERING DIRECTORY 


CATHODIC PROTECTION 
Installation 
SURVEYS + MATERIALS 


ENGINEERING CORP. 


105 Rockleigh Place—OLive 4-6536—Houston 17, Texas 


cathodic protection service 


Twenty cathodic protection 

engineers with 

total of over 150 years experi- 

ence available to serve you 

with ABILITY and INTEGRITY. 
Houston, 4601 Stanford St. 

BRANCH OFFICES 
Tulsa New Orleans Corpus Christi Denver 


Cathodic Protection 
SURVEYS © DESIGNS * ENGINEERING 


Pipes Lines Offshore Platforms 
Refinery and Gasoline Plant Lines 
Municipal Systems ¢ Barges 


CORROSION RECTIFYING CO. 


5310 ASHBROOK PHONE: 7-6659 
BOX 19177 HOUSTON, TEXAS 


CORROSION SERVICE LIMITED 
Offers CANADA 


Complete Service Corrosion Engineering 


Design and Installation Cathodic Protection 
Systems. 
Resistivity and Electrolysis Surveys 
Selection and Application of Protective Coatings. 


Dundonald St., Toronto, Canada 


CORROSION ENGINEERING 


EBASCO SERVICES 


INCORPORATED 


TWO RECTOR STREET, NEW YORK 6, N. Y. 
CHICAGO DALLAS PORTLAND, ORE. 
SAN FRANCISCO * WASHINGTON, D. C. 


Electro Rust-Proofing Corp. 
Engineering Division 
Corrosion Surveys 
Cathodic Protection Design 
Plans Specifications 
Electrolysis 
Testing 


BELLEVILLE NEW JERSEY 
Atlanta Chicago Dallas Monrovia 


Complete 


CATHODIC PROTECTION 


Systems service for special ap- 
plications; water tanks and pipe 


CORROSION ENGINEERING 


SURVEYS DESIGNS SPECIFICATIONS 
Impartial 
THE HINCHMAN 
CORPORATION 


Engineers 
Francis Palms Detroit Mich. 


Interprovincial 
Limited 
Head Office: Box 167, Burlington, Ont. 
100 Examiner Calgary, Alta. 
CANADA 


Surveys & Design 
Installations 


CONSULTING 
ENGINEERS 


FRANCIS RINGER ASSOCIATES 


Consulting 
Corrosion 
Engineers 

MOhawk 4-2863 


Hampden Ave. 


NARBERTH Phila.) 


your shield against corrosion 


PROVEN EXPERIENCE 
installation, Field Survey, Design 
RECTIFIER SYSTEMS GALVANIC ANODES 
YOU CAN RELY RIO 
2 


SMITH 
ENGINEERING CO. 
CONSULTING ENGINEERS 
CORROSION PROBLEMS 


Essex Bldg. Mohawk 
Narberth, Pa. 4-3900 


SOUTH FLORIDA TEST SERVICE 
INCORPORATED 
Engineers 


Consultants and in corrosion, 
weathering and sunlight testing. 


4301 N.W. 7th St. Miami 44, Florida 


You can advertise your engi- 
neering services this di- 
rectory for about $1.50 
thousand readers. This 
far the best, least expensive 
and most convenient way 
keep your name before the 
more than 8000 paid read- 
ers CORROSION. Write 
for rates, 1061 Bidg., 
Houston Texas. 


i 
ars 


Line. 
ct. 
4 = 
Whitt 
3 
7 
CORPORATION 
| 
q 
Pa 


106 CORROSION-—NATIONAL ASSOCIATION CORROSION ENGINEERS Vol. 


now for long service 


Titanium jet after-condenser 
proves immune chloride 
and stress-corrosion cracking 


Shows sign wear 
after months handling brackish water, 
nitric and organic acids! 


environment raw brackish water, 


nitric and organic acids cut the service 


life jet after-condenser months be- 
cause stress-corrosion cracking. Fabri- 
cated with stainless alloy, replacement 
cost and downtime were costly. titanium 
jet after-condenser was then installed. 


sign corrosion...and saving more 


than $3,800 replacement costs! 


Brackish water containing nitric and or- 
ganic acids had measurable effect 


this titanium jet after-condenser. 


N 
q 
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Proven economies 


actually the least expensive metal 
can use under many corrosive influences. 
vithstands conditions that reduce the service life 
ordinary and high-alloy metals...cuts down- 
ime and replacements. 

Titanium offers the economy long, trouble- 
ree service when exposed such corrosive 
as: 


Water Most Inorganic Chloride 
\farine Atmospheres Solutions 
Acid Molten Sulfur 
Chlorine Chromic Acid 
Organic Aqua Regia 

Compounds Hypochlorites 


Chlorine Dioxide 


TITANIUM—available today 


Titanium now readily available for non-. 


defense applications. Standard parts titanium 
are already solving severe corrosion problems 
the chemical processing, food, pulp, paper and 
allied industries. 

your process-development work, take ad- 
vantage the corrosion and cavitation resist- 
ance, light weight and high strength titanium 
...important considerations for continuous flow, 
high temperature and pressure 

manufacturer and pioneer producer 
titanium sponge, Pont has been working with 
leading mill-product producers and process- 
equipment manufacturers the commercial 
development titanium. This broad experi- 
ence can applied your corrosion problems. 
Just get touch with Pont for further 
information. 

sure mail the coupon below for new 
informative booklet about titanium—its proper- 
ties and applications. Pont Nemours 
Co. (Inc.), Pigments Department, Titanium 
Market Development Section, Wilmington 98, 
Delaware. (This offer limited the United 
States and Canada.) 


PIGMENTS DEPARTMENT 


REG. U.S. PAT. OFF. 
BETTER THINGS FOR BETTER LIVING. . . THROUGH CHEMISTRY 


Pioneer producer 


TITANIUM SPONGE 


EQUIPMENT COST 


CONDENSER REPLACEMENT COST 
TITANIUM VS. STAINLESS ALLOY 


YEARS 


EQUIPMENT COST titanium jet after-condenser compared with stain- 
less alloy condenser handling highly brackish water containing nitric and 
organic acids. The stainless alloy condenser cost $700, failed after months 
unit cost $2,500, has shown sign corrosion after months 
continuous operation. The $1,800 difference cost was absorbed 
years A). Titanium has saved $3,800 replacement costs condenser 
maintains trouble-free performance. 


Titanium N-2420, C-11, Wilmington 98, Del. 
Please send additional information properties 
and uses titanium. I’m interested titanium for 
these applications: 

Name Title 
Firm 
Address 
City Zone State 


NOW READILY AVAILABLE, titanium parts and fittings like this gate 
valve, chemical pump and centrifuge can made your order proc- 
ess-equipment fabricators. 


(Offer limited the United States and Canada.) 


ge 
| 
$8,000 
6,000 
¥ 
4,000 
2,000 
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supply, mining, refining, melting and 
casting; research and development 
physical metallurgy including physical 
properties, structure, thermal properties, 
sorption, electrical and magnetic prop- 
erties, diffusion, corrosion and radiation 
effects; welding and fabrication; high 
temperature materials including corro- 
sion and oxidation behavior, physical and 
mechanical properties, and applications; 
and developments application 
nickel and its alloys with particular ref- 
erence chemical and process indus- 
tries (bromine, caustic, fluorine, sulfuric 
acid, sea and salt water, pulp and paper, 
petroleum) well electronic, nuclear 
and other applications. Moran, Jr. 
prepared section high temperature 
applications and Barry and 
Waugh review fabrication and welding, 
respectively. 241 


14951 
6.3.10, 4.2.1, 3.5.8, 3.5.9 


Temperature and Stress Dependence 
the Atmosphere Effect Niochrome 
Naval Research Laboratory, Oc- 
tober, 1957, pp. Available from Of- 
fice Technical Services, Dept. 
(Order 131339.) 

The general features the atmos- 
phere effect Nichrome nickel- 
chromium alloy, were found sim- 
ilar those nickel with one excep- 
tion: the points reversal strength 
vacuum and air specimens are dis- 
placed longer times accord with 
the greater oxidation resistance the 
alloy. Creep rupture tests per- 
formed the alloy and 
air 1100, 1300, 1500, 1700 and 1900 
Nichrome material with higher ox- 
idation resistance than nickel, was used 
observe the influence oxidation 
characteristics the atmosphere effect. 
The tentative mechanism involving two 
competing processes which was used 
explain the reversals nickel was also 
applied Nichrome 15085 


6.3.10, 6.2.5 


Study Austenitic Corrosion-Re- 
sistant Cast Nickel-Molybdenum 
580-587 (1957) October. 

Report electrochemical and metal- 
lographic investigation Hastelloy 
and Hastelloy type alloys. Compari- 
son was made with properties aus- 
tenitic nickel-chromium steels, Current 
density-potential curves for Hastelloy 
Hastelloy and stainless steel and 
nickel-molybdenum phase diagram are 
given. Effects heat-treatment and 
carbon content on structure, constitu- 
tion and mechanical properties and 
effect mechanical working 
ness are included.—INCO. 15280 


6.3.11, 4.3.2 


Lubricated Sleeve Bearings. Mc- 
CartHy. General Electric Co. 
Energy 
HW-35550 (Del.) March 1955, (De- 
classified with Deletions Feb. 25, 1957), 
pp. Available from Office 
nical Services, Washington, 

Ten materials which gold was 
alloyed with copper, silver, graphite, 
platinum, nickel zinc were evaluated 
this study. Corrosion tests deter- 
mine the resistance the alloys boil- 
ing 65% nitric acid showed that 
with the exception alloy contain- 
ing w/o gold and w/o graphite 
which dissolved and alloy 


containing w/o gold and w/o 
graphite which lost 2.3 w/o 240 
the alloys were essentially corrosion re- 
sistant. 15337 


6.3.15, 3.2.2, 4.3.2 


Corrosion Keys—Titanium (Com- 
Pont. Chem. Processing, 20, No. 67, 
69, 71, (1957) July. 


Data given are applicable unalloyed, 
commercially pure grades titanium. 
Information that cannot incorporated 
into Corrosion Keys, but equally impor- 
tant corrosion engineers and equip- 
ment designers, concerns fact that chlo- 
ride solutions produce stress 
corrosion cracking titanium. Red fum- 
ing nitric acid containing less than 
water the only known chemical that 
will produce stress corrosion cracking. 
Titanium also resists pitting, galvanic 
and cavitation attack. When coupled 
dissimilar metals sea water tests, 
position titanium (passive) gal- 
vanic series with the passive 18-8 
stainless steels and passive Inconel.— 


INCO. 15017 


6.3.6, 8.9.5 


Aluminum Bronzes for Marine Appli- 
cations. Naval Eng. 
Exper. Station. Soc. Naval 
69, No. 453-461 (1957) August. 

Early history use aluminum 
bronzes for marine applications re- 
viewed. Chemical compositions and me- 
chanical properties required MIL-B- 
15939 (wrought) and MIL-B-16033 
(cast) are discussed and shown tables. 
These include data for nickel-containing 
aluminum bronzes, Corrosion properties 
are discussed with reference velocity 
effects, pitting, crevice attack, dealumi- 
nization, impingement, galvanic attack, 
effects welding, stress corrosion and 
fouling. Special attention given 
fatigue properties (data 
tabulated). Magnetic properties are con- 
sidered. Specific applications discussed 
are salt water piping, condenser compo- 
nents, and propellers. Cupro-nickel 
alloys are mentioned for comparison.— 


INCO. 15145 


6.3.4, 4.3.2, 4.3.3, 3.5.9 


Corrosion Resistance Cobalt. 
Inco Canada. Corrosion Tech- 
nology, No. 11, 396-397, 403 (1957) 
Nov. 

Early research and literature co- 
balt corrosion are reviewed. Results are 
discussed study behavior cobalt 
dilute acetic acid, ammonia, and sul- 
furic acid solution, with 
prior heating 300-900 air and 
nitrogen. Without heating, corrosion 
rate was roughly same order that 
nickel, though attack cobalt sul- 
furic acid was higher. Both heated and 
unheated samples showed lowest corro- 
sion ammonia solutions, due for- 
mation adherent, dark film. Heating 
samples air 300 and 500 gave 
same results unheated samples with 
acetic acid, while 700 and 900 have 
increasing corrosion, Heating 
gen all temperatures gave roughly 
equivalent corrosion, higher than un- 
heated specimens, with acetic acid. With 
sulfuric acid, samples heated air 
300 and 500 and nitrogen 900 
showed lower corrosion rates than 
unheated specimens, while all other 
samples showed approximately same at- 
tack unheated specimens. Corrosion 
rates are 15182 
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6.4 Non-ferrous Metals 
and 


6.4.2 
High-Strength Aluminum Casting 
loy 40-E: D.T.D. 5008: Latest Develop- 
ments and Foundry Experience. 
GARDNER AND Me:- 
allurgia, 55, No. 328, 79-84 (1957). 
chromium-titanium alloy used the 
room-temperature aged condition. 
combines relatively high strength 
excellent machinability, good corrosion 
resistance and weldability. Recommen 
dations are made for the founding 
this alloy. The increasing use 
replace heat-treated alloys 
14916 
6.4.2 


Aluminum Alloys. Ind 
Eng. Chem., 49, No. Pt. 1578- 
1583 (1957) Sept. 

The author reviews the use alu- 
minum alloys material construction 
especially for architectural applications 
and the chemical process indus- 
try. The use aluminum atomic 
energy equipment discussed. The 
effect the following chemicals alu- 
minum discussed: Aliphatic acids, am- 
monia, ammonium nitrate, cadmium sul- 
phate, chlorine, coal, fertilizers, mixed 
acids, naphthenic acid, naval stores, 
nitric acid, oxygen, tall oil, transporta- 
tion chemicals, vinyl acetate and 
water, The use aluminum the food 
industry, marine industry, packaging in- 
dustry, petroleum industry, paper indus- 
try and power industry reviewed. 
given.—ALL. 14909 


6.4.2 


SAP: Sintered Aluminium Material 
Aluminium, 33, No. 250-259 (1957). 

SAP proprietary sintered alumi- 
num powder with controlled oxide con- 
tent. does not recrystallize; electrical, 
mechanical and thermal properties are 
given. Its anti-corrosive properties are 
about the same for pure aluminum; 
its resistance ~400 particularly 
good. Notes its working and welding 
are given and alloys, including one with 
silicon are mentioned and their uses 
noted.—MA. 14963 


6.4.2, 3.7.2, 3.7.3 

sium-Base Foundry Alloys. 
AND NAKAMURA. Aluminium, 33, No. 
152-162 (1957). 

Kato and Nakamura studied the prop- 
erties and casting aluminum-5 and 
10% magnesium alloys. The properties 
were adversely affected impurities 
and unsuitable melting, casting and 
heat-treatment techniques. Silicon and 
iron are particularly injurious, both 
regards mechanical properties and 
corrosion-resistance, but manganese 
favorable. Low pouring temperatures, 
plentiful use risers and the addition 
fluoborate the molding sand and 
beryllium the alloy are recom- 
mended. references.—MA. 14950 


6.4.2, 8.4.5 


Aluminium Construction Mate- 
rial for Reactors. (In German.) STAE- 
HELIN. Metall, 11, No. 746-752 (1957) 
Sept. 

The various properties aluminum 
which motivate its widely accepted use 
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thermal reactors are discussed. The 
survey extends over metallurgical prop- 
erties affecting the process alloying 
aluminum with uranium, thermal prop- 
erties and corrosion, both importance 
cooling systems, the behavior the 
metal under irradiation, creep resistance 
and, finally, induced radioactivity—ALL. 
15059 

6.4.2, 3.7.2, 4.6.2 
Corrosion Resistance Aluminium 
High Temperature Water Re- 
lated the Ratio Its Iron and Sili- 
con Content. MISHIMA. 
Metals, No. 25, 51-57 (1957) July. 
order determine the optimum 
the iron and silicon content 
actor applications, corrosion test has 
carried out distilled water kept 
high temperatures between 120 and 
steel autoclave. Pyrex glass 
with pyrex lid was used 
water from being contaminated 
iron ion coming from steel. The glass 
contains specimens hanging 
one cotton string without 
coming into contact with each other. 
higher temperatures where the 
can longer resist the attack 
water, specimens were heated with 
hotographic dry plate glass pieces be- 
veen them. Weight change the 
pecimen was measured. clearly 
that aluminum containing from 
four times much silicon has 
better corrosion resistance high tem- 
perature distilled water. Cold-rolled sheet 
has slightly better resistance corro- 
sion than annealed one and grain 
size seems play role. 52S aluminum 
alloy, contrary the conclusion 
corrosion resistant high temperature 
water. (auth.)—ALL. 14995 


EQUIPMENT 


7.8 Wires and Cables 
(non-electrical) 


7.8 

Relation Between the Corrosion 
Mining Cables and Methods Their 
Manufacture. (In Czech.) 
AND Hutnik, 158-161 
(1957) May. 

Corrosion mining cables from the 
point view melting practice, struc- 
ture, grain size, components, method 
drawing, quality surface material, 
martensite formation, quality lubrica- 
tion, patenting and effect hydrogen.— 
BTR. 14702 


7.8 

Corrosion Steel Wire Ropes and 
Its Prevention. Zastita 
Materijala, No. 58-62 (1957). 

The article describes corrosive dam- 
age steel wire ropes and discusses its 
causes and possibilities protection. 
The tests for protection cold phos- 
phatization are especially stressed. 
Finally the possibilities corrosion 
steel wire ropes contact with other 
materials, especially wood, are men- 
tioned.—RPI. 14340 


7.8, 5.9.2, 5.3.4 

Spring Design XXXI. Berry. 
World, 137, No. 3460, 514- 
520 (1957) November. 

the end the last article 
long series the design springs, 
the author considers the protection 
the steel wire used. With plated wire 
the hydrogen embrittlement caused acid 
pickling hardened and tempered steel, 


CORROSION ABSTRACTS 


but patented galvanized wire has given 
satisfactory service 0.212-in. di- 
ameter. The author admits that zinc 
coated wire may accelerate sludging 
when used oil baths, but sees 
necessity for wire used this way 


INDUSTRIES 


8.4 Group 


8.4.2, 4.4.7 

Contributions the Study Inter- 
FRAY. Gas J., 291, 332-334 (1957) Aug. 14. 
Corrosion steel mains and pipes 
synthetic gases, made from nitrogen, 
carbon dioxide and oxygen, with 
without water, compared with town gas, 
under different pressures. Suggested 
control, including limiting oxygen con- 
tent and dehydration.—MR. 14822 


8.4.5 

Corrosion Metals and Alloys SIR 
and STR Process Streams. 
KINS AND American 
Cyanamid Co. Atomic Energy 
Commission Pubn., IDO-14035, March 
1952 (Declassified Feb. 23, 1957), 148 
pp. Available from Office Technical 
Services, Washington 25, 

The available classified and unclassi- 
fied literature reviewed relative 
the corrosion metals and alloys 
solutions similar SIR and STR fuel- 
recovery process streams. Illium 
Carpenter 20, and Hastelloy are the 
likely materials construction for the 
SIR dissolver while Type 347 304 
E.L.C. stainless steel suitable for 
handling process streams following the 


for paint protection 


Here’s paint protection plus! You can 
brush spray Rubber-Coat Liquid 
easily ordinary give equipment 
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dissolver. Corrosion the STR dis- 
solver largely dependent the 
presence absence oxidizing 
agent. the absence strong oxi- 
dizing agent, the dissolver can made 
Monel, silver, Hastelloy for 
temperatures boiling. Platinum 
was the only metal reported that was 
resistant mixtures hydrofluoric 
acid and strong oxidizing agents. The 
processing equipment following the STR 
dissolver can made either Type 
347 304 E.L.C. stainless steel. (auth). 
—NSA. 15393 


8.4.5 

Sodium Graphite Reactor Quarterly 
Progress Report for September-Novem- 
ber 1953. ed. North Amer- 
ican Aviation, Inc. Atomic Energy 
Comm. Pubn., NAA-SR-956, July 
1954 (Declassified March 1957), 105 
pp. Available from Office Technical 
Services, Washington, 

Two sodium-graphite central station 
power plant designs were investigated. 
The first design for 
uranium converter 150 Mw, and the 
second thorium thermal breeder 
300-Mw capacity. Engineering studies 
related the general design sodium- 
graphite reactors are reported. Metal 
moderator and coolant temperature 
coefficients reactivity were evaluated 
for slow, fast, and very fast runaways 
sodium-graphite reactors, The reactor 
stable except room temperature. 
Calculations for startup accident 
30-Mw SGR were carried out, the re- 
sults which emphasize the impor- 
tance full-power coolant flow rates 
during the startup process. using 
the fact that the uranium phase does 
not exist uranium-zirconium alloy 


and structural steel the protection only this 
new Pont synthetic rubber can provide: 


extreme ozone and weather 
extreme resistance heat and cold: —30°F 300°F 


extreme resistance chemicals 
extreme resistance and grease 
white and wide variety colors* 
*Supplied mixing base plus color additive. 


For extra rust resistance use Totrust Instant Dry 
Primer as a first coat. Totrust Instant Dry 
Primer stops rust at its source, dries in minutes. 


FREE — Paint Selection Chart — this handy, 
easy-to-use booklet gives you all the information 


including cost. Send for your copy today. 


on the right paint for every job in the plant — = . | 
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shown that substantial reduction 
power cost per kwh may achieved 
operating the reactor high power. 
Neutron age was calculated for num- 
ber hydrocarbons which show prom- 
ise for use moderators. Tensile tests 
and welding properties the projected 
zirconium cans for the graphite mod- 
erator sections are reported. Strength 


Patent Applied For 


PRESSURE 
BLAST 
ANALYZER 


Normal workmen can pinpoint trouble 
spots in sand blasting operations 
using the Pressure Blast Analyzer. 
Shows up over rated compressors, im- 
properly designed equipment and ac- 
cessories, ruptured air hose liners. 


Measures inside orifice 
sandblasting nozzle 
inches. 

Shows air volume re- 
quired cubic feet per 
minute. 

Measures actual pressure 
hose the blasting 
nozzle. 


Kit consists of orifice gauge, pressure 
indicator, hose needle, cellophane 
pencil, conversion table (70, 80, 
psi). Price $30.00 Complete: Mfg. By: 


Oakes Co. 


Box 9102 Houston 11, Texas 


STRAIGHT AND 
REDUCING COUPLINGS 


tests were completed for flash-welded 
tubing. The joints are mechanically 
feasible for reactor use 
corrosion results were obtained from 
static sodium studies. 
sion data are required. Weldability 
studies are reported for nickel, 304 
stainless steel and series typical 
core tank joints. The design forced- 
convection loop for dynamic sodium- 
zirconium corrosion studies described. 
remote welding device was designed 
for the repair coolant tubes. The 
dimensional stability uranium and 
uranium alloys subjected thermal 
cycling and quenching tests was studied 
the and high regions. The un- 
favorable characteristics the phase 
transformation were noted and sug- 
gested that under the reactor operating 
conditions, where the surface the 
fuel slug adequately cooled, 
ficient shell material might 
maintained around inner phase 
contain the dimensional instability. 
Nondestructive testing fuel element 
components high temperatures 
ceeding with evaluation techniques 
using eddy currents, temperature-sensi- 
tive paints and infrared photograhpy. 
study the production thermal 
capture processes has been extended 
include the effect fast-neutron leak- 
age. The results are 
sented for several 
The physical properties several hy- 
drocarbons were investigated order 
determine their suitability 
cal shield coolants. Kerosene 
uene seem particularly promising.— 
NSA. 14968 
8.4.5 

Proposal for Dynamic In-Pile Cor- 
AND Westinghouse 
Electric Corp. Atomic Energy 
WAPD-CP-156, 
Dec. 1953 (Declassified 
1957), pp. Available from Office 
Technical Services, Washington, 

Loop design for simultaneous study 
corrosion and radiation effects 


Copper and iron, brass and iron 


SOLDER AND 
FLARE COPPER UNIONS 


other dissimilar metals are safely con- 


nected with electrolysis when you 
use MAYCO dielectric couplings and 
unions. The cost low enough use 
them every job—the tough nylon 
bushing insulates completely with- 
stands temperatures 230° and 
pressures 1000 Order now. 


Vol. 


fuel elements proposed. The value 
such experiment discussed and the 
expected contamination 
alyzed.— NSA. 14976 


8.4.5 

The Chemical Processing Two- 
Region Aqueous Homogeneous Re- 
actors. Fercuson. Oak Ridge 
Lab. Nuclear Eng., No. 
664-675 (1957) Sept. 

Promising scheme for chemical pro. 
essing thorium breeder reactor 
sists following operations: 
tion insoluble fission and 
products (ferric oxide, chromic 
and zirconium dioxide) from core 
tem into small volume fuel 
combining slurry with 
rium oxide slurry taken 
recovery deuterium oxide evapo 
ration, thorium and ura 
nium nitric acid and recovery 
uranium and thorium solvent 
traction. Use hydrocyclone and 
derflow container for concentrating 
soluble fission and corrosion product: 
under simulated reactor conditions was 
demonstrated dynamic loops. 
precipitation, was shown that 99.9% 
uranium could recovered with 
separation factor greater than from 
nickel, rare earths and alkali metals. 
Flow 14884 


8.4.5 

The Metallurgical Problems Nu- 
clear Reactors. Metallurgia 
49, No. 1-13 (1957). 

review covering the use metals 
nuclear-energy plants fuels, heat- 
exchange media and constructional ma- 
terials. The processes nuclear fission 
and breeding are explained—MA. 14908 


8.4.5 

The Effects Irradiation Cycling 
Pressurized Water Reactor Blanket 
Fuel Elements. JoHN EICHENBERG. 
Westinghouse Electric Corp. Atomic 
Energy Commission Pubn., 
March 13, 1957, pp. Available from 
Office Technical Services, Washing- 

Two PWR fuel rods were 
irradiated the L-42 cycling loop 
the MTR maximum heat flux 
484,000 One the rods had 
diam defect; the other was 
undefected. The rods 
cycled 533 times and achieved maxi- 
mum burnup 1260 
changes appearance dimensions 
occurred result the irradiation. 
increase the hydrogen content 
the Zircaloy-2 cladding over that ex- 
pected from the corrosion process was 
noted. Center melting occurred the 
uranium dioxide from the defected 
specimen, whereas neither melting nor 
grain growth occurred the uranium 
dioxide from the undefected specimen 
which was irradiated under essentially 
the same neutron flux. Two mecha- 
nisms are postulated which help ex- 
plain the observed phenomenon. The 
poorer thermal conductivity the 
steam atmosphere the defected rod 
compared with the 
mosphere the undefected rod, coupled 
with the circumferential cracking the 
defected rod, would portion 
the higher temperature. addition, 
the formation uranium oxide with 
oxygen/uranium ratio 2.18 2.25 
and with possible lower melting point 
shown thermodynamically pos- 
sible. This would also help explain the 
observed difference. However, the pos- 
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LAMINAC HOLDS CLOSE TOLERANCES when ground, makes 
perfect watertight seal when plates and frames are 
compressed between filter press heads. 


Reinforced LAMINAC 


filter plates and frames 
raise capacity 70%, 


cost less, last longer! 


AMERICAN CYANAMID COMPANY 


PLASTICS AND RESINS DIVISION 
Rockefeller Plaza, New York 


CORROSION 


CORROSIONEERING WITH 


ABSTRACTS 


POLYESTER RESIN 


THINNER, STRONGER 
LAMINAC plastic plates and 
frames provide greater fil- 
tering area andcakecapac- 
ity than wood filter 
presses. 


ALL SIZES AND TYPES REINFORCED LAMINAC plates, frames and 
recessed plates are made William Perrin Limited, Toronto, 
Canada. 


For resistance chemical attack, erosion and temperatures 
240° nothing matches reinforced LAMINAC plas- 
tic filter plates and frames! Some the plates illustrated, 
made William Perrin Limited, Toronto, Canada, 
have been service since 1953. They are still going 
strong uranium, copper, zinc, and gold refining opera- 
tions and filtration various fatty acids, pigment, dye, 
soap, pharmaceutical, vinegar, brine and pectin solutions. 


Reinforced far stronger than wood, making 
possible thinner plates with more filter chambers. These 
factors increase area and capacity much 70%. And 
while initially higher cost than wood, LAMINAC lasts 
many times longer for lower net cost. 

One-fourth the weight metal, reinforced LAMINAC plates 
and frames are easier handle. They cost much less. 
There coating chip off. Product contamination 
avoided, and the hard, smooth surface easily cleaned. 


For exceptional corrosion resistance and high strength 
your tough applications, see your Cyanamid represen- 
tative about LAMINAC! 


Offices Charlotte Chicago Cincinnati Cleveland Dallas Detroit 
Los Angeles Minneapolis New York Oakland Philadelphia St. Louis Seattle 


Canada: Cyanamid Canada Limited, Montreal and Toronto 
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SELL 


PROTECTION 


Corrosion quickly “rubbed out” the Galloway 
boys. Internal PIPE GUARD protects against cor- 
rosion longer tubing life. 
DURON the best, most economical protection 
for blast joints. Also best for splash zones, offshore 
structures. Write today for case history. 


THE ODIS GALLOWAY CO., INC. 


HOUSTON 

2411 Times Bivd. JA 3-4025 
LAFAYETTE 

100 Maurice St. CE 5-3252 
BEAUMONT 


1601 Cedar, Box 2343 TE 8-1800 


Vol. 


sibility some unknown mechanism 
producing part the observed differ- 
ence behavior cannot 
14960 


8.4.5 

PAR Homogeneous Unit Gains; Cor- 
rosion Seems Licked. Kenton. 
cleonics, 15, No. 166-168, 170, 172, 
174, 176, 178, 180-182, 184 (1957) Sept. 

vania Advanced Reactor. Research and 
development program now being 
ried out covers slurry-handling, 
ponents, systems and maintenance. Four 
200 gpm loops used corrosion testing 
showed that erosion rates are not 
stant but level off. Erosion rates, 
vary with material 
are very reasonable and are not 
much greater than that water car- 
bon steel (1-2 mils/yr.). After the first 
600-700 hours, incremental attack drops 
off only mil/yr. This attributed 
the fact that slurry particles break down 
under pumping action ultimately 
micron and become spherical 


jagged and abrasive. Once they have 
broken down, erosion-corrosion rate 
slows down. Loop half-scale mock- 
10-in. 304 stainless steel with 347 
stainless flanges. Diagrams.—INCO. 


8.4.5 

Corrosion and Stability Tests 
Chemical Poisons High-Tempera- 
Argonne National Lab. 
Atomic Energy Commission Pubn., 
ANL-5147 (Ref.), Sept. 1953 (De- 
classified March 20, 1957), pp. Avail- 
able from Office Technical Services, 
Washington, 


Corrosion-stability tests have been 
made static autoclaves 500 and 600 
solutions compounds having 
high neutron cross sections evaluate 
their usefulness for shutdown purposes. 
The only compound tested which ap- 
peared completely stable 600 
water was Limited corrosion 
data did not show cause excessive 
corrosion zirconium stainless steel. 
(auth.)—NSA. 14946 


8.4.5, 3.4.3, 6.2.5 

Corrosion Product Activity 
Buildup with Stainless Steel Unit Cell. 
Knolls Atomic Power Lab. 
Atomic Energy Commission Pubn., 
KAPL-M-SMS-81, September 30, 1957, 
pp. Available from Office Tech- 
nical Services, Washington, 

order develop improved re- 
actor core for use utilizing 
steel fuel elemerts, Knolls Atomic 
Power Lab. has proposed that unit 
cell made improved stainless steel 
fuel elements inserted and tested 
Core Since the insertion this 
unit cell S3G core will effectively 
double the area the stainless steel 
exposed the coolant the high neu- 
tron flux region, necessary cal- 
culate the effects this additional 
stainless steel the buildup long- 
lived corrosion product activities the 
main coolant system. addition, 
necessary analyze the effects stain- 
less steel corrosion product activity 
buildup that proper measurements 
and samples taken S3G Core 
with the unit cell such that the 
effects all stainless steel core 
S3G/S4G plant accessibility and 
coolant purification can properly as- 
15415 
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UNI 


parts the Figure 110 Union are sep- 
non-conductor gaskets which effec- 
break electrolytic current. demon- 
certified laboratory tests, the gaskets 
effective against much higher voltage than 


they have been proved actual service 
just effective the tests indicate. 


110 Unions are being used major 
and independent operators the world over 
prevent electrolysis flow lines, disposal 
systems, manifolds and other piping systems. 


They accomplish this purpose absolute min- 
imum cost, and without attention main- 
tenance after they are installed. 


Additionally, because the insulating gaskets 
have very high compressive strength and are 
entirely impervious oil, gas, water and tem- 
perature extremes, Figure 110 Unions provide 
conventional union service extra cost. 


with insulating qualities, insulating union 
that provides conventional service Figure 
110 Unions are your best buy when electroly- 
sis exists anticipated. Check the labora- 
tory reports the right compare the 
results then ask your Yale representative 
for complete information, write our 
Houston office. 


REPRESENTATIVES 


Seyffert, Jr.—Corpus Christi, Texas 
Slim LaGrone Co.—Odessa, Texas 

Bob Hawk Eqpt. Co.—Hobbs, 
Broiles Falls, Texas 
Moise LaFleur—Opelousas, La. 

La. 

Rocky Mtn. Spec. Wyo. 
Howard Crider—Oklahoma City, Okla. 
Kinnear—Great Bend, Kansas 

Lee Snodgrass Gate, Cal. 
Neil Ginther—Wooster, Ohio 
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Reg. U.S. Pat. OF, 


Use SCOTCHRAP... quality 


BRANO 


pipe roll form 


Brand Pipe Insulation tough Polyvinyl Chloride 
Plastic Tape roll form. touch and stays where it’s put. 
Because extremely rugged, highly conformable, and 
easy and convenient apply, recognized the leader ver- 
satile, high-quality pipe protection. And easy 
use gives you complete corrosion protection immediately, with- 
out costly preparation, special tools, dangerous flames. For better 
jobs, less time, less cost, always specify Pipe 
Protection. Available seven standard widths from inch 
inches. Made the makers Brand No. Electrical Tape. 
SEND FOR FREE BOOKLETS describing protective qualities and easy application 
Write your letterhead to: Co., St. Paul Minn., Dept. BQ-118. 


REG. U.S. PAT. OFF. 


SCOTCHRAP BRAND Pipe Protection Products 


The terms and are registered trademarks Minnesota Mining and Manufacturing Co., 


St. Paul 6, Minn. Export Sales Office: 99 Park Ave., New York 16, N.Y. In Canada: P.O. Box 757, London, Ontario. 


LOOK what you 
with 


are given practical, permanent protection 
using wide widths 
Appiication easy, fast, clean. 


LINES get tough, continuous pro- 
tective coating easily with 


LON 


ACTUAL field use shows why abrasion- 
backfill coarse, rough could easily 
puncture tear less tough coatings. 


STOP CORROSION completely! Photo 
shows far pipes covered with 
pipes covered with other 
coating...leading into compressor station 
cooling tower. Pipes were subjected acid 
and chlorine-bearing water for two years. 


WHERE RESEARCH THE KEY TOMORROW 


CORROSION—-NAT 
| 
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DURIRON ANODES 


For mote positive cathodic protection all types 


structures used throughout the petroleum industry, 
insist Duriron performs 


well graphite all the easy services, and far 


outperforms graphite when the going gets tough 


practical use backfill. Duriron anodes have proven 


their superiority for the protection pipelines, 
drilling rigs, well casings, storage tanks, and similar 


structures. For real protection, get Duriron. 


Cable os 
specified 


STANDARD ANODE SIZES 


Type Type Area Weight General 
Two Polyethylen Assembly-Wash Polyethylene 
60” Ground Bed 
wo Polyethylene 
Compression Washers 
Sealing Compound | 
Tinned Wires Cast Epoxy No. 8—7 Strand 
Resin Cop Type C.P. Cable 
*Applicable also fresh water service. Should not used ground 


beds without 


THE DURIRON COMPANY, INC. DAYTON, OHIO 
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Backed 


line after line, all types terrain and 
soil, tough, durable Pitt Chem Coal Tar 
Enamels have proved their superior ability 
provide sure, economical pipeline protection— 
year after year. But there’s another big reason 
why many companies specify Pitt Chem Pipe- 
line Enamels. And that’s Pittsburgh’s Four-Way 
service program: 


Complete Quality Control basic producer, 
Pittsburgh maintains rigid quality control stand- 
ards every step enamel production, from coal 
finished coating. 


Written Specifications Published guarantee you 
consistently superior quality and performance 
from every drum Pitt Chem Pipeline Enamels 
—in application and service. 


PITT CHEM Pipeline Enamels 
PITT CHEM Coal Tar Coatings 
PITT CHEM Insul-Mastic Coatings 


COAL CHEMICALS PROTECTIVE COATINGS PLASTICIZERS 


CHEM Pipeline Enamels are 


Experienced Sales Service Pitt Chem sales repre- 
sentatives are experienced coating men. They 
talk your language, will help you plan the many 
requirements your coating job. 


Technical Service Pittsburgh maintains full time 
staff field service men work with your field 
men the efficient, economical application coat- 
tings. Write about your protection requirements! 


wsw 6956 


ACTIVATED CARBON COKE CEMENT PIG IRON 
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